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3 Steam Reforming 

3.1 Introduction 

Steam reforming is the most widespread process for the generation of hydrogen-rich synthesis gas from 

light hydrocarbons. The feed materials: natural gas, liquid gas or naphtha are endothermically converted 

with water steam into synthesis gas in catalytic reactors. Process heat as well as flue gas are used for the 

steam generation and heating other process streams. 

The following details some definitions of terms that should be known to understand the theory of 

steam reforming, 

- Radiant Section: This is the part of the reformer where heat is transferred from the combustion 

of fuel gas to the process gas. 

- Convection Section: This is the part of the duct where heat is recovered from the flue gas into boiler 

feed water, steam, combustion air and feed gas. 

- Equilibrium Temperature:  T he temperature at which a gas with a specified methane slip is at 

equilibrium. 

- Approach to Equilibrium: The difference between the real exit temperature from the catalyst and 

the equilibrium temperature. This is further discussed below. 

- Le Châtelier's principle: A statement of Le Chatelier's Principle: If a dynamic equilibrium is disturbed 

by changing the conditions, the position of equilibrium moves to counteract the change. 

- Geometric Surface Area:  This is the surface area per unit volume of the catalyst. It has units of 

m²/m³ (or ft²/ft³). 

- Maximum Tube Wall Temperature: This is the maximum temperature down the tube. 

- Tube Wall Margin:  This is the difference between the design temperature of the tubes and the 

actual maximum operating temperature of the tubes. 

- Methane Slip: The percentage of methane exit the reformer. Typically, this is stated in dry mole%. 

- Steam to Carbon Ratio: This is the ratio of the moles of steam to total moles of organic carbon in 

the feed gas. Note that ethane is considered to have 2 moles of carbon, propane 3 moles etc. The 

following equation defines steam to carbon, 

𝑆𝐶 =
𝑆𝑡𝑒𝑎𝑚 𝑅𝑎𝑡𝑒

𝐹𝑒𝑒𝑑 𝑅𝑎𝑡𝑒 ×  ∑ 𝑛 × 𝐶𝑛𝐻2𝑛+2
𝑁
1
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- Steam to Gas Ratio: This is similar to steam to carbon ratio but is the ratio of the steam rate to 

the feed rate. Provided that the feedstock composition remains constant, then this ratio does 

give a true indication of the steam to carbon ratio. However, if the feedstock composition does 

vary, it is possible to operate at too low a steam to carbon ratio which can lead to carbon 

deposition. 

3.2 Chemistry 

3.2.1 Reforming theory 

The general equation for steam reforming of hydrocarbons is,  

𝐶𝑛𝐻𝑚 +  𝑛𝐻2𝑂 ⇌ 𝑛𝐶𝑂 + 
2𝑛 + 𝑚

2
 𝐻2 (endothermic) 

For methane, 

𝐶𝐻4 + 𝐻2𝑂 ⇌ 𝐶𝑂 + 3𝐻2 ΔH = +49.3 Kcal/mole 

𝐶𝐻4 + 2𝐻2𝑂 ⇌ 𝐶𝑂2 + 4𝐻2 ΔH = +39.4 Kcal/mole 

The Water Gas Shift reaction also occurs in the reforming section, 

𝐶𝑂 + 𝐻2𝑂 ⇌ 𝐶𝑂2 +𝐻2 ΔH = -9.84 Kcal/mole 

A mixture of H2, CO, CO2 and CH4 is consequently obtained, the composition of which is defined 

mainly by the appropriate chemical equilibrium and the catalyst activity. 

3.2.2 Reaction Kinetics 

The reaction rate is defined by the following equation, 

𝑑𝐶𝐻4
𝑑𝑡

 ∝  𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 × 𝐺𝑆𝐴 × 𝑒𝑥𝑝
[−
𝛥𝐸
(𝑅𝑇)

]
 ×  

𝑃[𝐶𝐻4]

𝑃[𝐻2𝑂]
𝑚
 ×  (𝐾𝑝′ − 𝐾𝑝) 

Where, 
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- Activity is the activity of the catalyst, 

- GSA is the geometric surface area of the pellets, 

- ΔE is the activation energy for the methane-steam reaction, 

- R is the universal gas constant, 

- T is the absolute temperature, 

- P[CH4] is the partial pressure of methane, 

- P[H2O] is the partial pressure of water, 

- M is a number less than 1 but greater than 0. 

To achieve a high reaction rate, methane steam reforming requires a very high temperature (for 

instance as used in partial oxidation) or with a catalyst and at more moderate temperature. It is typical 

to use a catalyst that is either coated or impregnated with nickel; however, for some particularly severe 

duties a more active catalyst is required; in these circumstances a precious metal catalyst is used.  From 

this it can deduced that a high activity and high GSA catalyst is important. Furthermore, high reaction 

rates are favored by high temperatures and pressures. The reaction rate equation is very similar for 

the higher hydrocarbons. 

3.2.3 Equilibrium 

Another important parameter is equilibrium; the following equation defines the equilibrium expression 

for the methane steam reaction, 

𝐾𝑝 =
P[𝐶𝐻4] .  P[𝐻2𝑂]

P[𝐻2]
3 .  P[𝐶𝑂]

 

This can be rewritten in a more useful form, 

P[𝐶𝐻4] = 𝐾𝑝
P[𝐻2]

3.  P[𝐶𝑂]

 P[𝐻2𝑂]
 

Which can be simplified by converting to molar fraction to give, 

[𝐶𝐻4] = 𝐾𝑝
[𝐻2]

3.  [𝐶𝑂]

 [𝐻2𝑂]
 

The key points to note are, 
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- That increases in pressure will increase the methane slip by a large amount, 

- Increasing the steam to carbon ratio will reduce the equilibrium constant and therefore lower 

the methane slip, 

- It should be noted that although a good equilibrium position is favored by low pressure, a high 

kinetic rate is favored by a high pressure. 

  

Figure 26. Equilibrium concentration of methane 

as a function of temperature, pressure and steam 

ratio for methane. 

Figure 27. Equilibrium concentration of methane 

as a function of temperature, pressure and steam 

ratio for naphtha. 

3.2.4 Approach to Equilibrium 

Approach to equilibrium, or as it is commonly known, ATE, is a method of tracking the performance 

of a reformer with time. Approach to equilibrium is defined as, 

ATE = Actual Exit Catalyst Temperature – Equilibrium Temperature 

It should be noted that in this equation, the actual exit catalyst temperature is used. This will generally 

be higher than the observed measured temperature since there will be heat losses between the exit 

of the tubes and the measurement point. The exception to this rule is Kellogg furnaces with risers 
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installed where the measurement point is at the point where the sub manifolds met the riser and 

so there is no heat loss. The following figure illustrates the method of determining ATE for an ammonia 

primary reformer, 

 

Figure 28. Determination of ATE 

3.2.5 Application of Le Chatelier’s Principle 

If we apply Le Chatelier,s principle to the methane-steam reforming reaction, then we find that, 

Parameter Effect 

Higher Pressure 
Increases methane slip as volume of products is greater than volume of 

reactants 

Lower Pressure 
Decreases methane slip as volume of products is greater than volume of 

reactants 

Higher Temperature Decreases methane slip since reaction is endothermic 

Lower Temperature Increases methane slip as reaction is endothermic 

Higher Steam to Carbon Decreases methane slip as more reactants available 

Lower Steam to Carbon Increases methane slip as less reactants available 

Table 8. Effect of Operating Parameters 

So Le Chatelier’s principle would indicate that the steam reformer should be operated with the highest 

possible exit temperature, lowest possible exit pressure and the maximum amount of steam addition. 
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3.2.6 Optimal Pressure 

As can be seen from the previous, the reforming reaction requires a high pressure to maximize the 

reaction rate but a low pressure to obtain a good equilibrium position. In reality there is more to 

answering this question than equilibrium and kinetics; consideration should be given to, 

- The capital cost of the reformer – low pressure means large vessels and pipes which 

increases the capital cost, 

- The operating costs – high pressure will lead to a high methane slip which increases operating 

costs, 

- The requirements of the synthesis loop – to minimize the capital expenditure required for the 

synthesis gas machine, a balance must be struck between the front end pressure and the loop 

pressure since this will define the number of stages required for the synthesis machine. The 

more stages required will increase the CAPEX for the machine. 

3.2.7 Optimal Steam to Carbon Ratio 

Again from the above, it is clear that a high steam to carbon ratio gives a favorable equilibrium position 

and hence low methane slip. However, this steam has to be raised in the flue gas duct and the waste 

heat boiler, and therefore operation at high steam to carbon ratios may not be economic.   

Furthermore high steam to carbon ratios do increase the size of the pipes, the steam reformer and 

heat exchangers. 

Older designs used steam-to-carbon ratios of 3.5 - 4.0. Because surplus steam is surplus volume, it 

increases pressure drop through the catalyst - another reason for lowering-steam-to-carbon ratio. 

Overall, Lowering steam surplus should re-suit in considerable energy saving. Theoretically the 

minimum ratio needs to be only slightly over 1.0 to avoid cracking. Catalyst experts see the practical 

limits at 1.5 - 1.7 for the methane steam reforming and 2.2 for naphtha steam reforming. But to supply 

sufficient steam for the shift conversion it has to be at least 2.0 for stoichiometric reasons. And a safety 

margin is advisable in case of operational difficulties which might lead to a temporary loss of proper 

control of the steam-to-carbon ratio occasional slugs of higher hydrocarbons in the feed, for example - 

and to avoid hydrocarbon formation on the high temperature shift catalyst. So, in actual operation, the 

steam-to- carbon  ratio  in  a  modern  low-energy  plant  should  be  about  2.7  for  a  low-duty reformer 

and around 3.0 for a high-duty reformer. 
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Since the tubular furnace and its associated "convection section" (flue gas heat recovery train) is the 

largest single item in an ammonia plant, it is therefore the most expensive. Some modern concepts 

have reduced its size by shifting some of the primary reformer duty to the secondary reformer. This is 

what is meant by a "low-duty" steam reformer. 

Hence there is the classic trade-off between the CAPEX and OPEX associated with the plant. It is typical 

that the steam to carbon ratio is set at between 2.7 and 3.8. 

3.2.8 Carbon formation 

Possible carbon-forming reactions are: 

2𝐶𝑂 ⇌ 𝐶 + 𝐶𝑂2 

𝐶𝑂 + 𝐻2  ⇌ 𝐶 + 𝐻2𝑂 

𝐶𝐻4 ⇌ 𝐶 + 2𝐻2 

Calculations can be carried out to define a thermodynamic minimum steam ratio if the equilibrium 

constants for the carbon-forming reactions are known. 

The method of calculation involves a determination of the minimum steam ratio, below which the 

presence of carbon is inevitable if the gas is brought to thermodynamic equilibrium. The results of 

calculations based on data for naphtha reforming and methane reforming over a range of pressures 

and temperatures are shown in figure 29. 

 

Figure 29. Thermodynamic minimum steam/carbon ratio 
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3.3 Reforming catalyst 

The catalyst is also a very important factor in determining the performance of the primary reformer.  

The key parameters and the things they affect that must be considered when design a catalyst or 

selecting a catalyst for a primary reformer are, 

Parameter Affects 

Higher activity 

Reduces approach to equilibrium 

Reduces tube wall temperatures 

Reduces potential for carbon formation 

High heat transfer Reduces tube wall temperatures 

Alkali Support Reduces potential for carbon formation 

Shaped catalyst 
Reduces pressure drop 

Increases GSA 

Increased size 
Reduces pressure drop 

Reduces GSA 

Number of holes 
Increases GSA Reduces pressure drop 

Worsens breakage characteristics 

Poor breakage 

characteristics 
Increases pressure drop rise 

Increased GSA 
Reduces approach to equilibrium Reduces tube wall 

temperatures Reduces potential for carbon formation 

Table 9. Parameters of the reforming catalyst 

Different catalysts are required for the different duties of primary and secondary reforming and for 

different feedstocks. Nickel has been found to be the most effective metal for the reforming of 

hydrocarbons, and it is the active component in most of the available catalyst formulations. These 

formulations differ mainly in respect of the other components present, such as alumina magnesia, 

calcium oxide, etc. These components have an influence on the catalytic properties as well as on such 

physical properties as strength, density, or refractoriness. 
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Component (%) Primary reformer Secondary reformer 

NiO 32 18 

CaO 14 15 

SiO2 0.1 0.1 

Al2O3 54 67 

T a b l e 1 0 . Reforming catalyst, typical analysis 

Primary reforming of natural gas and methane takes place at pressures of at least 30 bar and 

temperatures up to 850 °C while secondary reforming of primary gases takes place at pressure of at 

least 30 bar and temperatures up to 1300 °C. 

The function of the various catalyst components in these is discussed in the following sections. 

Nickel 

Nickel metal is the catalytic species in all commercial reforming catalysts. Cobalt can be used but it is 

less effective and it is also more expansive. The precious metals Pt, Pd, Rh, Ru, etc., are more active 

per unit of weight than nickel. But their cost per unit of activity must be considered and their 

advantages then disappear on economic grounds. 

Thus, nickel is the recognized element. It is normally present in the manufactured form of the 

catalyst as nickel oxide which is reduced to the metal in a reformer immediately before use. The 

application of nickel in the reforming process, in combination with various support materials, has been 

the object of much research. High activity is associated with a high surface area of nickel. This is obtained 

with a small crystal size, and growth of the crystal must be prevented, or at least retarded as much 

as possible. In steam reforming at temperatures above 750 °C, and in the presence of high partial 

pressures of steam, conditions encourage crystal growth. 

Preservation of the nickel surface area, therefore, is one of the main functions of the support materials, 

which are selected for their refractoriness and similar properties. That is to say, they act as 'stabilizers'. 

The stabilizers and support materials in the catalysts have been selected to provide the best physical 

properties commensurate with the requirements if minimizing the loss of nickel surface area in use. 
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Catalyst supports 

The operating conditions for reforming catalysts are very severe. The temperatures, even for primary 

reforming, are some 200-300 °C higher than the temperatures at which most other catalysts operate 

and, in addition, the catalysts are exposed to high partial pressures of steam and hydrogen. 

Excellent physical properties can be obtained by using a simple support material, such as alumina 

or magnesia, which has been fired at a temperature of about 1500 °C. The support can be in the form 

of lumps, or pre-formed pellets, or rings, which are impregnated with nickel by soaking them in a 

nickel salt solution and then drying them - an operation which can be repeated to obtain the required 

nickel content. 

Magnesia is also included in some formulations and, being more basic than alumina as well as refractory, 

it can be advantageous. It has to be used with caution because it can hydrate under some conditions 

in a reformer, particularly at start-up and shut- down, leading to weakening and disintegration of the 

catalyst. 

At the higher pressure of modern reforming processes, the volatility of silica in steam is significant, so 

that it is slowly removed from these catalysts and is deposited in cooler parts of the plant such as boilers 

and heat exchangers downstream of the reformer. 

3.3.1 Catalyst poisons 

Like most catalysts, nickel reforming catalysts are very sensitive to even low concentrations of certain 

impurities that may be present in the feedstocks.  The elements most often encountered are sulphur, 

arsenic, halogens, phosphorus and lead. Some cause permanent damage to the catalyst. Others have 

only a temporary effect, catalytic activity returning to normal when feedstock purity is restored. 

Sulphur 

Sulphur is often present in natural gas, generally as H2S (concentrations are usually low and rarely 

exceed 300 ppm v/v). If (as a result of poor operation) H2S or any sulphur compounds pass through the 

desulphurizer, the nickel reforming catalyst is rapidly poisoned the extent depending on the amount of 

H2S present. All sulphur compounds are readily hydrogenated to H2S over a nickel catalyst at reforming 
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temperatures. Poisoning of a nickel catalyst must be associated with reaction between sulphur and the 

active nickel surface. Only small concentrations of sulphur are required to poison the catalyst. 

Small amounts of sulphur can have a significant effect on catalyst activity although the effect varies 

from catalyst to catalyst. The loss in activity due to small amounts of sulphur appears to be greater on 

modern, more active, catalysts than has been reported by earlier works. 

In a reformer operating at a catalyst exit temperature of 750 °C, the catalyst can only show its full 

activity (which is high) when the sulphur concentration in the feedstock (methane) is below 0.5 ppm S 

w/w. The desulphurization process is designed to give sulphur concentrations well below this value. 

The tolerable concentration is higher at higher temperatures, but it is desirable to keep the sulphur 

concentration below 0.5 ppm at all times. 

The falling off in performance would be apparent as an increase in methane slip. This can be rectified 

by removing the sulphur contaminant from the feedstock, after which the catalyst performance will 

return to normal in a few days. The recovery can be hastened by steaming the catalyst without 

feedstock for 12-24 hours. When reforming the higher hydrocarbons, poisoning should be rectified as 

soon as possible, because it can upset the kinetic balance between the carbon-forming and carbon- 

removing reactions, and carbon can be deposited on the catalyst. This aggravates the decrease in 

activity leading to an increased pressure drop and, eventually, to high reformer-tube temperatures. 

The carbon can be removed by steaming without harming the catalyst but its formation is to be avoided 

if possible. 

Arsenic 

Another catalyst poison of practical significance is arsenic which, in some ammonia synthesis plants, 

can originate from the CO2 removal process where arsenic is used as a catalyst. Contamination of the 

steam passing to primary reformer can sometimes occur as a result of mechanical failures in the CO2 

plant. The effect is the same as with sulphur, loss of performance being apparent on a natural gas 

catalyst as an increase in methane slip, and by the appearance of hot tubes, particularly at the top 

(inlet). 

For practical purposes, unlike sulphur, arsenic poisoning is not reversible. Arsenic present in any 

concentration will accumulate on the catalyst until it produces a detectable effect. As with sulphur, 
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the effect will not be apparent until poisoning has affected the small proportion of catalyst which is 

at the low temperatures near the inlet of the reformer. The action is delayed while the poison 

accumulates in the catalyst and in the plant itself. 

Other poisons 

Chlorine and other halogens are detrimental and have an effect comparable with that of sulphur. The 

same concentration limits apply. As with sulphur, the effect of chlorine and chlorides is reversible, and 

the performance of a catalyst which has been poisoned with feedstock containing 1 ppm of chlorine 

returns to normal by operation on pure feed. It is possible that halogens in larger quantities might cause 

some permanent deactivation of the most active nickel-reforming catalysts by a sintering process. 

The reforming activity of nickel is also decreased by some metals. Copper and lead should be excluded 

from feedstocks as, like arsenic, they accumulate on the catalyst and cannot be removed. Lead 

concentrations of up to 3 ppm can be tolerated for short periods of up to a few days. Silver and 

vanadium behave in the same way, but cadmium, which can be evolved in small amounts from the zinc 

oxide in the desulphurization catalyst, has no effect. 

3.3.2 Catalyst reduction 

Catalysts are designed to be in their active form under process conditions. Generally, they are supplied 

in an inactive form which is stable under atmospheric conditions, and sometimes they also contain 

small quantities of impurities, such as sulphur, which have to be removed in the course of activation. 

The activation procedure, usually involving reduction of an oxide, requires careful control if the best 

results are to be achieved. 

Nickel-reforming catalysts are supplied as supported nickel oxide, and to become active they must be 

reduced to give metallic nickel. In some cases they contain traces of residual sulphates, which must 

be removed by reduction with hydrogen in the presence of steam before full activity can be achieved. 

In a typical reduction schedule, the catalyst is heated by circulation of a dry gas until the temperature 

is above that for steam condensation. Steam is then added, after which the heating is continued until 

the operating temperature is reached. During this time, hydrogen is introduced  to  maintain  a  ratio  

of  steam  to  hydrogen  below  7 : 1 .  The steam/ hydrogen ratio required for reducing nickel oxide 

varies with temperature. The nickel is reduced with a lower proportion of hydrogen at lower 
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temperatures, but reduction is  generally  continued  right  up to  the  operating  temperature  to  

ensure  that  the sulphur level is at a minimum. The steam appears to assist in sulphur removal, as 

well as lessening the rise in temperature by diluting the hydrogen, and only a little sulphur will be 

removed until both hydrogen and steam are present and the temperature is above 700 °C. 

In an ammonia plant, the secondary reformer catalyst is reduced without difficulty at the same time 

as the primary catalyst. Natural gas reformers are commonly brought on line with natural gas itself, 

relying on the thermal cracking of methane to provide the hydrogen for reduction. The gas is introduced 

at a low rate at about twice the normal steam ratio, and the gas rate is increased slowly, with the steam 

held constant, until the exit methane concentration shows that the catalyst has become active. Natural 

gas can also be used during the initial heating of the reformer before steam is introduced, so long as 

the temperature does not exceed 300 °C. In the absence of steam, there is a risk of carbon deposits at 

higher temperatures. 

3.3.3 Catalyst Loading 

The importance of a good catalyst loading cannot be understated; if the catalyst is loaded well then 

the process gas flow through the tubes will be even and the tube wall temperatures will be even. 

However, if the catalyst loading is poor, there will be variability in the resistance to flow through the 

tubes and this will lead to variations in the process gas flow which will be seen as tube wall temperature 

variations. The following graph illustrates this effect, 

 

Figure 30. Effect of Pressure Variation on Flow and TWT 
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3.3.4 Summary 

The key points to note from the above are, 

- The methane steam reaction is highly endothermic and is reversible, 

- There is an equilibrium limitation which is sensitive to the pressure, 

- A high kinetic rate for methane steam reforming is favored by high pressures and high 

temperatures whereas a good equilibrium position is favored by low pressure and high 

temperature, 

- Only the surface of the catalyst is used in the reaction, 

- Any methane that is not reacted in the primary reformer will pass to the secondary 

reformer hence increasing the reaction load on the secondary reformer. 

3.4 Primary Reformer 

The primary reformer is at the heart of any synthesis gas generation plant and as such the 

importance of the good operation and maintenance of the primary reformer cannot be under-stated. 

Steam reforming process is a well-established catalytic process that converts natural gas or light 

hydrocarbons to a mixture containing a major portion of Hydrogen. 

3.4.1 Reformer Design 

The design of the primary reformer is dictated by the requirements outlined above. These are, 

- The reforming reactions are endothermic so a large amount of heat is required, 

- The reaction has to be carried out at moderate pressure, 

- The maximum reaction rate and best equilibrium position is favored by high temperatures, 

- By using a catalyst, the reaction rate can be promoted such that lower temperatures can be 

used. 

In order to satisfy these conditions, a large heat transfer area is required and this is provided by a large 

number of small diameter tubes which contain the catalyst. The heat is produced from the combustion 

of a combination of off gases from the plant and the main other fuel source such as natural 

gas. This combustion is carried out in a refractory lined casing operating at slightly below atmospheric 
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pressure. The feed, effluent, fuel and combustion systems need to be symmetric to ensure that the 

operation of the reformer is even such that the heat input to the tubes is even and hence the tube 

wall temperatures are the same for all tubes. 

3.4.1.1 Components of the Primary Reformer 

The main components of the primary reformer are, 

- High alloy tubes of between 3 and 5" diameter, 

- Feed header systems for distributing the feed, fuel and combustion air and a collector header 

system for the effluent from the reformer, 

- A system of burners for combustion of the fuel gas, 

- A steel casing lined with refractory to contain the combusted gases (flue gases) typically 

between 900°C and 1050°C and minimize heat losses; typically this is called the radiant section, 

- A convection section to recover heat from the hot flue gases. 

3.4.1.2 Types of Primary Reformer Designs 

 

Figure 31. Typical primary reformer burner arrangements 

There are four main types of reformer designs (figure 31) which each have their own specific features, 
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- Top Fired - 

 

Figure 32. Top fired primary reformer 

Top-fired reformers are preferred for large capacities. It is possible to accommodate 600 to 1,000 tubes 

in the radiant box. Very large furnaces for methanol plants, where there is mostly no secondary 

reformer and the furnace carries the whole reforming duty, have been built by companies such as 

M W Kellogg, Krupp Uhde, Davy Process Technology, Toyo and Linde. Top-fired reformers in world-scale 

ammonia plants usually have between 300 and 400 tubes. 

The system has several advantages: 

- Firing occurs only on one level, so the number of burners in relation to the number of tubes 

is smaller than in side-fired systems. This simplifies distribution piping for fuel gas and preheated 

combustion air, which is nowadays standard in all efficient plants. 

- The radiation efficiency is higher than in other designs. 

- The burners are located close to the "cold" inlet of the feed /steam mixture, which is where 

the strongest heating is needed. Heat fluxes of 125,000 W/M2 and more can be attained in this 

area. 

- Less structural steel is needed in construction. 

However, the key disadvantages of this design are, 
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- High heat fluxes at the top of the tubes can lead to carbon formation and hence to hot 

bands. 

- The heat flux down the tube cannot be varied. 

- Burner control is coarse due to the low number of burners used on top fired reformers so the 

heat input is adjusted only to a limited degree. 

- A temperature pinch between the flue gas and process gas at the exit of the tubes. 

The   following   graph   illustrates   typical   outside   tube   wall   and   process   gas temperatures for 

an ammonia primary reformer, 

  

Figure 33. Temperature profiles for an ammonia primary reformer 

3.4.1.3 Convection Section Design 

The convection section is designed to maximize heat recovery from the hot flue gases from the 

radiant section; typically these gases are between 900 and 1100°C depending on the type of reformer 

and the operating conditions.  Heat is normally recovered into the following streams, 

- Boiler feed water for preheating, 

- Steam for steam superheating, 

- Feed gas for preheating prior to desulphurization, 

- Feed gas and steam for preheating prior to entering the primary reformer, 

- Combustion air preheating, 

- Fuel gas preheating, 

- Process air preheating. 
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Incorrect design and/or maintenance can lead to poor heat recovery and therefore increased tube skin 

temperature in the duct. This can in the worst case, lead to plant rate reductions to prevent tube skin 

temperatures exceeding the design value and hence failure of the coils. 

3.4.1.4 Header Design 

The design of the feed, fuel, combustion air, and effluent headers is very important since poor 

design can lead to mal distribution either on the process or flue gas side. The fundamental design 

philosophy is to ensure that as far as possible all headers are symmetrical. 

 

Figure 34. Typical top fired steam reformer layout 

3.4.1.5 Coffin Design 

In top fired reformers, the flue gases are collected in coffins (sometimes called tunnels); these run 

between the tube rows and are made from refractory bricks. At various points along the coffins, bricks 

are left out of the side wall to allow flow of flue gas from the radiant section into the tunnels. 

The number of holes down the coffin is varied to vary the free area to compensate for the pressure 

rise down the coffin.  A typical design of coffin is shown in figure 35. 



 

 
 

58 Steam Reforming 

 

Figure 35. Coffin Design 

Inappropriate design of the coffin can lead to flue gas mal or collapsing of the coffins. Some 

plants have removed the coffins and this has led to flue gas mal-distribution; this is illustrated in the 

figure below. 

 

Figure 36. Flow patterns with and without coffin installed 

- Side Fired - Offered by Selas, Linde, Chiyoda and Haldor Topsøe. 

  

Figure 37. Side fired primary reformer 
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In side fired reformers the burners located in the wall and the box accommodates one or two rows 

of tubes, which receive their heat mainly by radiation from the walls of the furnace box. This is claimed 

to provide a very uniform heat distribution, which may additionally be adjusted by control of the 

individual burners. The larger number of burners makes fuel and preheated combustion air distribution 

more complicated and more expensive. As the height and width of the reformer are used by 

the radiation geometry of the tubes and furnace box walls, it is only possible to extend the reformer 

lengthwise to accommodate more tubes. This limits it to 100-150 tubes, after which multiple radiant 

boxes become necessary. 

Therefore this system seems to be more suited for smaller capacities or for low-severity reforming in 

a larger size plant. The maximum wall temperature is at the tube outlet, where the maximum heat 

flux is at relatively low temperature. The radiation efficiency is smaller than in the top-fired system. 

- Terraced Wall - Offered by Foster Wheeler. 

 

Figure 38. Typical terrace wall primary reformer design 

This type may be regarded as an intermediate between the side-fired and bottom-fired species. The 

reformer has the lined walls with several terraces. The burners fire vertically upward along the 

refractory-lined walls of the radiant section, essentially parallel to the catalyst tubes, to assure flame 
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stability and avoid flame impingement. The burners provide a flat-shaped flame and are suitably spaced 

along the length of the fire box, assuring uniform heat input to the catalyst tubes; essentially the 

refractory wall becomes a uniform heat radiating plane. This unique burner positioning makes it 

possible to adjust the heat flux in each zone. 

- Bottom  fired - 

Bottom fired furnaces are not very common in modern ammonia plants. They have a rather constant 

heat flux profile along the tube with high metal temperatures on the outlet side. 

3.4.2 Process description 

The desulphurized natural gas is thoroughly mixed with the process steam in a steam/gas mixer and 

then fed uniformly to the reforming tubes via a distribution system. The reforming tubes are 

connected with the distributor pipes by flexible pipes, called inlet pigtails. The high pressure drop of 

the gas in the inlet pigtails guarantees an even distribution of the gas/steam mixture through all tubes. 

The reforming  tubes  consist  of  high-alloy chrome nickel  steel  which  meets  the  high temperature 

and pressure requirements. 

The process in the reforming tube can be split into 3 phases: 

- Preheating 

- Reaction 

- Superheating 

The steam/natural gas mixture is first preheated to the reaction temperature. In this zone, the highest 

tube wall temperatures are encountered. The reforming reaction starts at a product gas temperature 

of approx. 700 °C. The reaction is highly endothermic and takes place according to the equations already 

described. The tube therefore cools down. The necessary heat must be generated by the combustion 

of fuel gas in the burners arranged between the tube rows. The third phase of the process, the 

superheating of the cracked products and the adjustment of the conditions of equilibrium in the product 

gas, takes place in the lowest part of the reforming tube. In this part, the tube wall temperature rises 

again. The product gas from all tubes is collected at the bottom of the furnace in a brick- lined header. 

This header consists of a steel pressure pipe which is protected against the high temperature by 
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brickwork. The brickwork itself is protected against erosion through process gas by a heat-resisting 

incoloy cladding. The hot product gas is fed to the secondary reformer, where it is combined with the 

preheated process air. Over the catalyst bed in the upper part of the secondary reformer, the methane, 

hydrogen and carbon monoxide react with the oxygen of the air to form CO2 and H2O. Thus the 

temperature of the mixture increases to approximately 1200 °C. The gas mixture now flows through the 

catalyst layer which protects the lower active catalyst layer against the flame. 

3.4.3 Control Parameters 

The parameters that an operator can vary are, 

- Exit reformer temperature, 

- Exit reformer pressure, 

- Feedstock rate, 

- Steam to carbon ratio. 

Exit Reformer Temperature 

As noted in the previous sections, increasing the exit temperature will reduce the methane slip and 

thereby reduce the amount of reforming required in the secondary reformer. It is typical that a 

change in primary reforming methane slip of 1% will reduce the methane slip from the secondary 

by 0.1%. Hence raising the temperature exit the primary reformer will improve conversion of the 

feedstock to synthesis gas, thereby raising plant efficiency. 

These changes will require that the following checks are made to ensure that the plant is not 

operated above design limitations, 

- Check that the tubes wall temperatures will still be operating below the design temperature. 

- Check  that  the  outlet  headers  will  still  be  operating  below  the  design temperature. 

- Check that the flue gas duct coils will still be operating below the design temperature. 

- Check that the fuel gas headers are capable of handling the increased fuel flow rate. 

- Check that carbon formation will not become an issue. 

- Check that the induced draft fan (ID) is capable of handling the increase flue gas flow rate. 

- Check that the forced draft fan (FD) is capable of handling the increase flue gas flow rate. 
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Exit Pressure 

- Again as seen above in the sections above, by lowering the exit reformer pressure it is possible 

to reduce the methane slip, again this improves plant efficiency. 

On the other hand, 

- Lowering the exit reformer pressure will decrease the tube life since the differential pressure 

and hence the hoop stress on the plant is increased. 

- The differential pressure across the synthesis gas machine will be increased causing either the 

machine speed/power to be increased or the loop pressure to be decreased. 

- The pressure drop through the front end of the plant will also increase slightly, thereby, again 

increasing the speed and power requirement for the synthesis gas machine. 

Feed Rate Changes 

It is also possible to increase or reduce the feed rate to the plant which will alter the operating 

parameters of the primary reformer. Again the reformer and associated equipment should be checked 

to ensure that there will be no operating problems at this higher rate. 

Reduction in Steam to Carbon Ratio 

Steam to carbon ratio can also be changed to reduce the heat load on the primary reformer. Such a 

change can reduce the pressure drop across the primary reformer and the downstream equipment, 

thereby allowing for a feed rate increase. 

3.4.4 Monitoring 

Tube Wall Temperature Measurement 

It is recommended that the tube wall temperatures of the reformer are measured on a regular basis 

to ensure that, 

- There are no hot tubes which could fail prematurely, 

- There are no cold tubes that will lead to high methane slip, 

- There are no signs of hot banding etc. 
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If a tube is found to be excessively hot then the fuel rate to the burners around this tube should be 

reduced to prevent premature tube failure. Conversely if a tube is found to be excessively cool, then 

the fuel to the surrounding burners should be increased. It is recommended that a tube shoot be 

conducted at least once a week. 

Tube Visual Appearance 

As part of the regular reformer tube shoot, the tubes should be visually inspected in order to detect 

whether there are, 

- Hot bands, 

- Tiger tailing, 

- Giraffe necking, 

- Hot tubes, 

- Setting 

If a tube is found to be operating hot, then it is recommended that pictures are taken of the affected 

tube or tubes on a regular basis, typically once a fortnight or a month is sufficient to allow for an 

objective monitoring of the tubes. 

 

Figure 39. Tube appearance 

Refractory Inspection 

At the same time as the tube inspection is performed, the refractory should also be inspected to check 

for bricks moving away from the all and cracks appearing between the bricks. These problems can lead 
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to hot flue gas tracking behind the refractory which will raise the casing temperature which poses a 

safety hazard and ultimately can lead to the failure of the casing. 

Steam lances or water curtains can be used on such hot spots to reduce the temperature of the casing 

and prevent the damage from spreading. 

Burner Inspection 

At the same time as the tube inspection is performed, the burners should also be inspected to 

check for flame pattern deviations and flame impingement. 

Methane Slip 

The methane slip from the primary reformer should be checked every day. This should be recorded 

along with the following parameters, 

- Exit reformer temperature, 

- Exit pressure, 

- Steam to carbon ratio, 

- Plant rate. 

This allows for early identification of problems on the reformer before they become too severe. By 

collecting the other key process parameters it is easy to check whether a rise in methane slip can 

be attributable to a change in a process parameter. 

Pressure Drop 

Pressure drop should also be recorded on a regular basis to ensure that early identification of 

excessive breakage or carbon formation is possible. If the plant rate is changing then the pressure 

drop should be normalized for changes in feed rate and also steam rate. 

3.4.5 Common Problems 

There are many common problems that can occur on a steam reformer; below is a brief discussion of 

some of them. If as an operator you believe that you have a problem, then you should consult your 

catalyst vendor. 



 

 
 

65 Steam Reforming 

Poisoning 

Poisoning of reformer catalyst is more common than most operators expect; this is because there are 

many ways of poisoning the catalyst and the detection of poison can be very difficult.  Common poisons 

include, 

- Sulphur in the form of H2S, COS or simple Mercaptans, 

- Chlorides, 

- Phosphates, 

- Arsenic, 

- Vanadium. 

Poisoning causes deactivation of the catalyst by covering the nickel crystallites and blocking off access 

for the reactants in the process gas. This reduction in the local rate of reaction causes the tube wall 

temperatures to rise and hot bands eventually form. Once the inside tube wall temperatures raise high 

enough, the rate of carbon deposition exceeds the rate of carbon removal and carbon laydown starts. 

This reduces the inside wall heat transfer, covers the nickel crystallites, hence reducing the catalyst 

activity and increases the resistance to flow through the tube and hence the flow through the tube 

is reduced. All of these lead to an increase in the tube wall temperatures which increases the rate of 

carbon formation. Eventually the tube wall temperature rise such that the plant rate or the primary 

reformer firing has to be reduced. 

Carbon Formation 

Carbon formation occurs when, 

- The catalyst activity is low due to old age or poisoning, 

- The feed gas composition has become heavy, 

- The steam to carbon ratio has been too low, 

There are three main types of carbon formation, 

- Carbon cracking (most common type): 

CH4  ⇌ C + 2H2 
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- Boudouard carbon formation: 

2CO  ⇌ C + CO2 

- CO reduction: 

CO + H2  ⇌ C + H2O 

Carbon formation and deposition on the catalyst surface can cause, 

- Breakage of catalyst 

- Pressure drop increase 

- Loss of activity and heat transfer 

- Increased process gas temperature 

- Hot bands on the reformer tubes 

- Increased outside tube temperatures 

- Reduction of tube life 

 

Figure 40. Hot Bands in Primary Reformers 

It is typified by the formation of hot bands about one third of the way down the tubes in a top fired 

reformer as illustrated in the previous picture. 

Light carbon formation caused by operation at steam to carbon ratios just below the design figure. 

Once carbon lay down has occurred, then there are some temporary measures to limit the rate of 

carbon formation; these include, 

- Operation at elevated steam to carbon ratios, 

- Increased hydrogen recycle. 
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However, this is a temporary measure and rarely will such actions remove carbon that has been laid 

down. To ensure complete removal of carbon, then a steam out should be conducted; this process 

should follow these guidelines, 

- The steam rate shall be set at a minimum of 50% of the design steam rate. 

- The reformer exit temperature shall be as high as possible and shall be in excess of 700°C. 

- The steam out shall be performed for at least 12 hours. 

- The gas exit the reformer shall be tested for methane and carbon dioxide; it should be noted that 

there will be little carbon monoxide since the water gas shift reaction favors the formation of carbon 

dioxide. The results of the test shall be trended as a measure of the progress of the steaming. 

- The exit reformer gases shall also be tested for hydrogen sulphide. An alternate is to test the 

process condensate for sulphites and hydrogen sulphide (in some cases a small test is adequate for 

detecting this). 

- If the gas sample is taken down stream of the process condensate knock out pot, the nitrogen shall 

be added at the mixing tee to act as a carrier gas. 

In some cases, such as carbon lay down which occurs during a transient, a steam out may not be 

sufficiently aggressive enough to remove the carbon. If this occurs, then an air burn can be considered 

and if this fails then the catalyst may have to be drilled out. 

Poor Catalyst Loading 

Ensuring a good catalyst loading is fundamental in ensuring efficient operation of the primary reformer. 

Any deviations in resistance to flow through the tubes will result in differential flows between tubes and 

this in turn will lead to tube wall temperature differences. A good catalyst loading will cause even 

process gas distribution and hence even tube wall temperature distribution. 

Flame Impingement 

Flame impingement occurs when the burner is miss-aligned or is damaged, causing the flame to deviate 

from the vertical and to impinge on the tube. This causes local overheating, reducing the life of the 

tube/tube failure and potentially can lead to carbon formation. If a burner is found to be defective, 

then it is possible to remove it from service whilst the reformer is on line, rectify the problem and 

reinstate the burner. 
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Mal-distribution 

There are a number of causes of mal-distribution with in a primary reformer, due to poor design of the, 

- Fuel headers, 

- Combustion air ducting, 

- Process feed headers, 

- Exit headers, 

- Coffins/outer lane. 

The  effect  of these  are very similar in that they will induce  some form of mal- distribution, 

either on the process gas side or the flue gas side of the reformer. Such mal-distribution will commonly 

be highlighted by, 

- High tube wall temperature spreads, 

- High exit temperature spreads, 

- Higher than expected methane slips, 

- Higher than expected ATE’s. 

After-Burning 

After-burning is caused by incomplete combustion in the top of the furnace which allows fuel to 

move down until it mixes with oxygen, at which point the fuel combusts giving the classic observation 

of flames licking around the tubes in the bottom half of the furnace. To resolve this problem, additional 

combustion air needs to be supplied to the area affected by the after-burning. Checks should be made 

for CO and O2 in the flue gas to ensure that the problem is resolved. 

3.4.6 Start Up 

During startup it is normal to circulate nitrogen through the reformer to acts as a heat up medium. 

Once the temperature of the exit headers of the reformer exceeds the dew point of water by 15-20 °C, 

then steam can be introduced and nitrogen can be backed out of the process. This prevents 

condensation of water in the reformer tubes which will lead to catalyst damage. 
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3.4.7 Trouble Shooting 

The following is a brief list of some common problems, the cause of these problems and the 

actions that should be taken to minimize or eliminate their effect. 

Problem Cause Actions 

Hot bands Poisoning of the catalyst 

 

Reduce localized firing. 

Steam catalyst. 

Operation at low steam to carbon 

Aged catalyst 

 

 

Steam catalyst. 

Replace catalyst. 

Steaming can help remove carbon 

temporarily. 

Localized overheating Reduce localized firing. 

Check burners. 

Incorrect catalyst loading Check that potash doped catalyst loaded at 

inlet to tube. 

Replace as required. 

Excessive 

Pressure Drop 

General catalyst breakage 

 

Reduce plant rate. 

Replace catalyst (all or a portion). 

Carbon formation due to low steam to 

carbon operation or poisoning 

Reduce localized firing. 

Steam catalyst. 

Catalyst breakage at inlet to tubes Check design of inlet to tube for jet 

impingement on catalyst. 

Check if there is water droplet carry over. 

Check is water can be carried over on a trip 

or start up. 

Catalyst breakage at outlet of tubes Check if condensate can form in dead legs or 

low points during a shut down. 

Check if there has been water ingress into 

the bottom of the tube. 
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Water leaching support material and 

causing formation of cement 

Clean the inside of the tubes with brushes to 

prevent the inside reduction of heat transfer 

coefficient. 

Hot Tube Low catalyst voidage due to breakage 

or over vibration on loading. 

Replace catalyst in affected tubes. 

Hot Patch Flame impingement Reduce localized firing. 

Check burners. 

Localized over firing Reduce localized firing. 

Check burners. 

Shimmering on 

Tube 

Flame impingement Reduce localized firing. 

Check burners. 

Hot Spots Localized low voidage Reload affected tube. 

Hot Patch at 

Top of Tube 

Settling of catalyst Reload or top up affected tubes. 

 Poor reduction of catalyst at top of 

tube 

Add hydrogen to reformer feed to reduce 

this catalyst. 

Tube Failure Flame Impingement. Repair burner and either nip or change tube. 

Localized overheating  Nip or change tube. 

Check burners. 

Excessive creep Nip or change tube. 

Check other tubes for excessive creep. 

Catastrophic cracking 

 

Nip or change tube. 

Check for water ingress. 

General overheating - burn down Replace tubes and review operating 

procedures. 

Localized overheating at bottom of 

tube 

Nip or change tube and check for tunnel 

port effect. 

Catalyst 

Changed Color 

Catalyst is blue/green or blue-green Catalyst has been overheated. 

Install high heat transfer/activity catalyst. 

Collapsed 

Tunnel 

Poor design Repair next turn around. 
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Check bottom of tubes for excessive 

temperatures. 

Cracking of 

Tube Tops 

Stress corrosion cracking Lag tube tops to prevent condensation and 

vaporization. 

Cracking of 

Tube Bottoms 

Stress corrosion cracking Check design of tube outlet. 

Redesign to eliminate cold zones. 

Bowed Tubes Excessive firing from one side Reduce firing. 

Poor tensioning Review and redesign tension system. 

Pigtail Failure Failure by creep Replace pigtail. 

Failure by cracking Replace pigtail. 

Check for excessive stress on pigtail. 

Flue gas Mal-

distribution 

Flame impingement, high ATE's Use dry powder or K2CO3 to check for flow 

patterns. 

Check design of outer lanes, burners and 

coffins. 

Modify reformer design as appropriate. 

Camel Hump 

Effect 

High peak temperatures below flue gas 

fans 

Introduce more pressure drop in duct. 

After-burning Localized burning on tubes near 

bottom of box 

Insufficient combustion air supplied to 

some burners. 

Increase combustion air to these burners. 

High O2 Levels at 

Stack 

Too much excess air in box Reduce combustion air rate to reformer. 

Poor tube to casing seal Repair existing or install new sealing 

system. 

High air leakage into 

convection/radiant sections 

Check for air leaks and repair. 

Check heat balance and O2 inlet/outlet. 

Large air leakage in combustion air 

preheater 

Check air preheater and repair. 

High Duct 

Temperatures 

Fouling of duct coils Clean coils. 

Check excess air levels. 

Repair refractory where damaged. 
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Hot Refractory 

Casing 

Damage to refractory Use steam lance or water to cool casing. 

Repair at shut down. 

Failure of anchors Use steam lance or water to cool casing. 

Repair at shut down. 

Table 11. Trouble shootings 

3.5 Secondary Reformer 

3.5.1 Introduction 

The secondary reformer is an integral part of the synthesis gas generation section of a conventional 

ammonia plant and allows for minimization of methane slip and the introduction of nitrogen to allow 

for the production of ammonia. Failure of one of the components of the secondary reformer can have 

disastrous consequences for plant occupacity. 

 

Figure 41. Typical design of the secondary reformer 

3.5.2 Key components 

A number of key components are included in the secondary reformer, 

- The burner gun, 
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- The mixing or combustion volume, 

- The catalyst. 

3.5.3 Process description 

Figure 41 illustrates the typical design and installation of a secondary reformer. The secondary reformer 

consists of a refractory lined carbon steel vessel with inlets for the primary reformer effluent and the 

air, and a single outlet for transferring the effluent to the waste heat boiler. A burner gun is situated 

within the neck of the secondary reformer, which ensures even distribution of the oxidant throughout 

the cross section of the vessel. 

Below the burner gun there is a space, called either the combustion or mixing zone, where the mixing 

of the primary reformer effluent and oxidant, and subsequent combustion, occurs. Within this zone 

the rate of combustion of the primary reformer effluent is controlled by the mixing of the fuel and 

oxidant. The rate of mixing is determined by the turbulence created by the differential momentum of 

the primary effluent and oxidant. It is important that the gas leaving the combustion zone is evenly 

mixed, such that the variation in flow, temperature and composition entering the catalyst bed is 

minimized to ensure good catalyst utilization. 

3.5.4 Burner gun 

There are two key problems associated with the burner gun; firstly, poor design and installation of the 

burner gun in the secondary reformer and secondly failure of the burner gun whilst in service. Poor 

design of the burner gun can lead to poor gas mixing within the mixing zone. This in turn leads to 

poor gas distribution at the inlet to the catalyst bed, not only in terms of poor gas flow distribution 

inlet the bed, but also in terms of mal-distribution of temperature and composition. For example, poor 

burner gun design can cause the following problems, 

- Poor distribution of process air into the combustion zone, 

- Zones of high temperature inlet the catalyst bed and also associated low temperatures inlet 

the catalyst bed. Such zones will also have different gas compositions inlet the bed, 

- Zones of high and low flows inlet the bed; this leads to localized variations in space  velocity  which  

in  turn  leads  to  variation  in  methane  slip  exit  the catalyst bed, which will cause the observed 

approach to equilibrium to be higher than expected. 
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Figure 42. Ring burner 

The design of the burner gun is inherently linked to the geometry of the mixing zone since it is critical 

to ensure that the high temperature flame zone is maintained at a suitable distance away from the 

refractory wall to prevent damage to the refractory. 

There is also a requirement that a flow of the relatively cool process gas passes between the flame 

region and the vessel wall. The combination of good design in these areas ensures that the refractory 

operates at low temperature and therefore retains its integrity. 

 

Figure 43. Streamlines and temperature plot of combustion zone 

Poor installation of the burner gun can lead to the burner gun being installed off center within the neck 

of the secondary reformer. This leads to a variation of process air flow within the combustion zone of 

the secondary reformer and hence to variations in composition, flow and temperature inlet the catalyst 

bed. In the worst case, the high temperature portion of the jet from the burner gun will make 

an impact on the refractory and lead to refractory damage and potential vessel failure. 
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Catastrophic failure of the secondary reformer burner gun causes problems similar to those outlined 

for poor installation of the burner gun. However, the problems occur much more rapidly and the 

potential for refractory and subsequent vessel failure is much greater. For methanol plants, failure of 

the burner gun is even worse than for an ammonia plant since as oxygen is used as the oxidant and 

therefore the flame temperatures are much higher. Therefore any impaction of the jet on the 

refractory will lead to very fast damage to the refractory. 

Changing the burner gun to a design that provides enhanced mixing can solve any problems associated 

with the burner gun and insufficient combustion volume. 

 

Figure 44. UDHE modified secondary reformer with outer ring burner 

3.5.5 Insufficient combustion volume 

Early secondary reformers were designed with a combustion chamber from which the combusted 

gases were passed to the catalyst containing vessel ensuring that the combusted gases were well 

mixed prior to entering the catalyst. On modern secondary reformers, as illustrated, the mixing/ 

combustion zone is an integral part of the secondary reformer vessel and therefore the design of the 

mixing volume is more critical in determining the performance of the secondary reformer. 
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Furthermore, the required size of the combustion volume is inherently linked to the burner gun design. 

Burner guns that provide short mixing distances clearly require a smaller combustion volume whilst 

burner guns that provide longer mixing distances will require a larger combustion volume. Insufficient 

combustion volume leads to the same problems as outlined above for burner gun problems. 

The volume of the mixing zone is directly linked to the installed catalyst bed volume, therefore care 

must be taken to design the correct catalyst loaded volume and to ensure this volume is loaded into 

the secondary reformer. As such, problems associated with insufficient combustion volume can be 

solved by either changing to a burner gun design that provides enhanced mixing within a shorter 

distance or installing a high activity catalyst which allows for a reduction in catalyst volume. 

3.5.6 Catalyst 

The third key component of the secondary reformer is the catalyst. The catalyst is often blamed for 

poor secondary reformer performance. In reality, however, the secondary reformer catalyst is very 

robust and exhibits a very stable activity. Unless the catalyst is at its end of life, the catalyst will 

not be the root cause of any secondary reformer problem. In the vast majority of cases, a low nickel 

content catalyst is suitable for use in secondary reformers.  However, in some cases, precious metal 

catalysts may be required in the leading edge of the catalyst bed where the process gas temperatures 

are at their highest. 

3.6 Pre-reformer 

A prereformer is a simple adiabatic reactor uses a highly active nickel catalyst operating at temperatures 

from 350°C to 650°C (Figure 45). It serves as a pre-converter to a tubular or autothermal reformer to 

partially reform a desulfurized hydrocarbon feed. 

The first industrial application of prereforming technology was in the old town gas plants  based on 

naphtha feedstock(Town gas, is a general term referring to manufactured gaseous fuels produced from 

coal,  naphtha or natural gas for sale to consumers and municipalities). With the closing of the town’s 

gas plants, the use of prereformers almost disappeared. Due to the rising energy prices, the technology 

emerged again in the early 90's when it became interesting to design hydrogen or synthesis gas plants 

for lower steam to carbon ratios and use multiple feedstocks. 

https://en.wikipedia.org/wiki/Coal


 

 
 

77 Steam Reforming 

 

 

Figure 45. Prereformer reactor 

Benefits of Prereforming Technology 

In design of new plants the use of a prereformer introduces a number of technical and economical 

advantages: 

- In general, the downstream tubular reformer can be reduced by up to 20% in size when installed after 

a prereformer with reheating of the feed gas giving a direct saving in investment costs. 

- Due to the higher preheat temperature the reformer fuel consumption is decreased, thus resulting in 

savings in operation costs. 

- Operation with multiple feedstocks with conventional reforming catalyst installed in the tubular 

reformer will become feasible. The reformer sensitivity to varying steam to carbon ratios and 

feedstock composition is reduced, since almost all higher hydrocarbons are converted in the 

prereformer. 

- The lifetime of downstream catalysts will be extended significantly as the prereforming catalyst will 

absorb any traces of sulphur in the feed. With sulphur-free feed and practically all higher 

hydrocarbons converted, the risk of carbon formation in the tubular reformer is principally eliminated. 

On the downside, there is an additional vessel which will increase the pressure drop. Life of prereformer 

catalyst is much shorter than reformer catalyst and hence may need frequent replacements. 
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For existing plants, prereforming should be considered as part of a revamp when an increase in plant 

load or an energy consumption saving is desired. Various suppliers provide pre-reformers, including 

Haldor Topsoe, Clariant, and Technip-KTI. 

 

Figure 46. Typical installation of a prereformer 




