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This is a persistent industrial problem that is not  well understood.
Our contribution was directed at an understanding o f the fundamentals.



OUTLINE

Industrial examples and practical conditions

Transition to laboratory investigation and terms of ref erence

Features deduced from laboratory experimental studies

Principles and their interpretation



THE PROBLEM

The events may be relatively minor, but there is al ways a consequent, plant “down time”.

Common problem in industrial environments, when pot entially flammable fluids 
leak from flanges of (hot) insulated pipe work into  the insulation material. 
E.g. when heat transfer fluids are being transported from one system to another.

Leakage of heat transfer fluid, from 
flanges, into insulation around pipes

Smouldering fire transferred below 
reactor (possibly by pieces dropping 
from above).



ANOTHER EXAMPLE
Top of reactor with absorbent material 
put on flange to mop up leaking solvent

The consequence!

There are also examples of massive devastation to c hemical plant.
E.g. Mellin . B. E., “Explosion at the BASF Antwerp Ethylene Oxide/Gl ycol Plant,”

Inst. Chem. Eng. Loss Prevention Bulletin, 100, 1 ( 1991)



PIPE LAGGING

“Microtherm”® - porous structure based on amorphous
silica particles sized around 5 – 25 nm in dia.

(matrix density = 360 kg m -3, 90% porosity)

“Rockwool” type – glassfibre base

The practical problem arises almost invariably thro ugh asymmetric heating.

Our investigations were concentrated on the behavio ur of fluid dispersed within the
structure rather than on the performance of differe nt insulating materials and shapes.

They were confined to symmetrically heated bodies – i.e. uniform surface heating in an oven.  

(Criticality with asymmetric heating is very diffic ult to formulate theoretically in a satisfactory wa y.)



LABORATORY TEST - 1

Fluid was dispersed within a cube of insulation mat erial (5cm side length).  
These pictures  show a half-section of each type of  insulation. 

The Rockwool was shaped as a cube by packing in a wi re mesh basket. 

“Rockwool” “Microtherm” ®



LABORATORY TEST – 2

Each loaded cube was placed in an oven at a preset,  controlled temperature.
Combustion was detected by a pair of (T 1 - T2) thermocouple junctions in series.

The temperature at which thermal runaway occurred w as determined by repeated 
experiments at successively increasing oven tempera ture, using newly prepared cubes.

The output constitutes a temperature difference between the thermocouples.
Junction 2 acts as the reference temperature, quick ly stabilising at T (oven) . 



LABORATORY TEST - 3

Ignition of a heat transfer
fluid in Rockwool

Ignition of a heat transfer
fluid in Microtherm

Maximum centre temperatures can approach 1000 C

Note the virtually spherical development of combust ion from the centre



SOME PRELIMINARY QUESTIONS (AND ANSWERS)
Gas phase or liquid phase reaction?
Exothermic reaction of the liquid occurs as a resul t of oxidation by atmospheric 
oxygen. The liquid is  dispersed over an enormous s urface area within the 
structure.

How close to classical “thermal ignition”?
It all depends: if the fluid is very involatile at a  typical temperature for
exothermic reaction then the problem reduces to “th ermal ignition”.  
The principles of lagging fires are the same – a bre akdown of the balance 
between heat release and heat loss leads to thermal  runaway. 

So what are the distinctions from “thermal ignition ”?
1.Vaporisation of the liquid can occur. It may be s ufficiently rapid that most is 
dispersed, preventing self-heating taking place. 
2.There can be an depletion of oxygen within the po rous structure as a result of 
fuel vapour movement, but not necessarily enough to  preclude oxidation.
3.The endothermic effect of vaporisation, contribut es to the “heat loss”
component.
4.Condensation is possible elsewhere in the structu re (“giving back” the enthalpy 
of vaporisation).
Studies prior to ours erred towards involatile liqui ds so the most important 
distinctions (and features) of lagging fires were m asked .

Is autoignition temperature of the fluid (AIT) relev ant?
No (other than giving some indication of how reacti ve a substance might be). 



A PRACTICAL EXAMPLE OF HOW EVAPORATION 
PLAYS A PART

A common case of lagging fires can arise in ships’ e ngine rooms, 
as a result of diesel fuel soaking into the lagging  around hot pipes.

Diesel fuel comprises a series of n-alkanes
in predominant proportion (nC 10 – nC24).

It is reasonable to assume that the chemical
reactivity of these components is very similar.  

They autoignite very easily (AIT, nC 16H34 ~ 200 C).

Chromatogram of a
typical diesel blend

Increasing Boiling Point

n-C18H38

n-C20H42

n-C16H34



TEMPERATURE RECORDS OF n-ALKANE COMBUSTION

DDDDT at the centre of 5cm cubes of Microtherm during th e combustion of
n-eicosane, n-octadecane and n-hexadecane at T a = 285 C (558 K). 

Interval during which the centre 
of the cube is heating up

Markedly supercritical

Marginal case

Weak activity, 
evaporative loss

Decreasing 
volatility

Experiments possibly done simultaneously



n-ALKANE COMBUSTION – THE BOTTOM LINE

B Pt /K  T cr /K Comment
(cube test)

n-C16H34(n-hexadecane) 560 - marginal self-
heating only

n-C18H38 (n-octadecane) 590 523 – 528 marginal 
criticality

n-C20H42 (n-eicosane) 616 505 + 2 clearly defined
criticality 

-------------------------------------------------------------------------------------------------------------------
C30H62 (squalane) 696 478 + 1  no significant

evaporation
(i.e. “classical”
thermal ignition)

It is the C 18 and higher mw components of diesel fuel that are 
troublesome as far as the potential for lagging fires  is concerned.

These alkanes will have very similar gas-phase reacti vity. 
(The AITs of the n-alkanes are in the range  475 – 505 K.)



SQUALANE AUTOIGNITION– THE “CLASSICAL” CASE
Ta = 485 K  (i.e. supercritical conditions,  T a,cr = 478 K)

Measurements at centre of cube

DDDDT

O2

0 50 100 150

Oxygen was measured by continuous sampling from the  centre of the cube to a mass spectrometer.

There is substantial oxygen loss only when combusti on is very well developed.  
The late stages of reaction must become oxygen diff usion controlled.

O2 diffusion
control here



A CONSEQUENCE OF EVAPORATION

A “plateau” at the centre of the cube for an extende d period, ca. 25 K 
below the oven temperature, is a consequence of the  evaporation of n-C 16H34. 



A FURTHER INVESTIGATION OF EVAPORATION

Evaporation of tetrahydronaphthalene (tetralin) from  a cube at 481 K
(No significant reaction)

“Plateau”

Evaporation and vapour movement affects the oxygen concentration within the cube



A REPRESENTATIVE SET OF EQUATIONS IN 1-D

Energy conservation

Fuel conservation

Oxygen concentration

If fuel and oxygen depletion are ignored, Eq 1 holds  the key  to the two extremes of: 
(i) classical thermal ignition (terms 1 and 3 give criticality condition)
(ii) criticality of readily vaporised fuels (terms 1 and 2 give criticality condition) 
These represent two extremes for lagging fires that  can be formulated into “safe operating” criteria

(Very simple representations for chemistry and evap oration and no equation for vapour movement.)

Can also include:
(i)  fuel vapour flux equation – Darcy law pressure driven,

(ii) modified kinetics to represent hydrocarbon com bustion
and surface area related mass loss (Langmuir-Hinshe lwood type)

“surface” “autocatalysis”



A NUMERICAL INVESTIGATION OF EVAPORATION

Evaporation of tetrahydronaphthalene (tetralin) from  a cube at 481 K
(No chemical reaction terms in the set of equations )

“Plateau”

Single point measurements made at the centre



TEMPORAL DEVELOPMENT OF SPATIAL PROFILES IN 
THE MATRIX (CALCULATED IN SPHERICAL SYMMETRY)

Centre Edgecm

Early

Late

Plateau

Partial 
pressure
within
matrix

Simulation for Tetralin (no reaction)

Liquid density
Temperature

Initial
condition

t

Exptl.
region

“Quasi-steady”
progress



A STING IN THE TAIL
Anomolous behaviour occurs in “Microtherm” with polar  fluids, such as alcohols or glycols. 

This was also observed (but apparently not recognis ed) by Britton, Plant Oper. Prog . 10, 27 (1991))

Elapsed time ~ 18 hrs

DDDDT

Mass loss

A residual fraction is 
retained in the matrix 
long after evaporation 
should have reached 
completion.
(Hydrogen bonding?)  

e.g. C11H23OH

Evaporation does not reduce the potential
hazard of fluids in this type of combination

The natural timescale
in thermal ignition 
depends on the heat 
diffusion time





LOW T HEAT TRANSFER FLUID

t / min

Aliphatic hydrocarbons in
narrow boiling range



HIGH T HEAT TRANSFER FLUID

High m.w. aromatics in
narrow boiling range, e.g.

t / min


