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DE   ge Germany disagrees for the following reasons   

US   Techn
ical 

(1) Forward or Introduction 
Clarify that this document is not intended for special service 
fired heater such as Hydrogen Reformers, Ethylene 
Furnaces or Fired Heaters with High alloy tubes. 
 
(2) Para. 4 (Heater nomenclature) on page 11  
No mention about forced, induced or natural draft furnace 
 
(3) Para. 6.2.4  
Heater efficiency and skin temperature should be calculated 
using the specified fouling resistances.  
Its OK for the calculation of skin temperature but do not 
know exactly how one can factor this in calculating the 
efficiency 
 
(4) Para. 6.2.6    
(a) Negative pressure of 0.10 INWC is maintained at the 
arch section (not in the radiant and convection section). 
(b) 0.1 INWC is too high for natural draft furnace. 
 
(5) Para. 7.1.4  
All the tubes shall be seamless� 
I think this is applicable to the radiant tubes only, we use 
over 60 feet long Convection tubes which has at least one 
circumferential weld. 
 
(6) Para 7.2.1  
�fins shall be solid or segmented   
(a) the word �Serrated� is more commonly used in place of 
segmented 
(b) No mention about the difference between the solid and 
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serrated fins (The serrated fin is not preferred in the fouled 
service; i.e. gas oil. Also, Serrated fins provide more surface 
area compared with the solid fins) 
 
(7) 7.2.3 Fin material Table # 1 
The max. tip temperature limit for the 2 ¼ Cr fin material is 
not specified. We do use 2 1/4 Cr. fin tubes. recently we 
have purchased 2 1/4 Cr fin tubes. 
 
(8) 7.2.4 Fin dimensions  
Consider specifying, �segment width� for the fins 
 
(9) Burner datasheet on page 66:  
Consider specifying drill size of Firing and ignition ports 
 
(10) Air preheater datasheet on page 69:  
Consider specifying, �Water dew Point Temperature� along 
with the Acid dew point temperature 
 
(11) F.3.3  on page 136 Draft generation for the alternative 
operation: 
Damper or guillotines should be used to isolate the APH 
system  
Emphasis should be given to use Guillotines and not 
dampers 
 
(12) F.3.5 on page 137 
Preheater cold end temperature control 
 c) Change in combustion control techniques, with regards 
to heater fouling.. 
Be specific about fouling of convection section 
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(13) Fig F.4 on page 137  
Consider providing information on water dew point 
temperature as well 
 
(14) F.3.5. 5 on page 138 
Working fluid temperature control 
Consider revising the above statement. I think this option 
talks about bypassing the cold air around the APH 
 
(15) F.12.2 on page 180  
Specify the approximate amount of SO2, which gets 
converted into SO3 during the combustion (Say 5% to 7%) 
 
(16) Efficiency calculation on Page 216: 
In the Stack loss work sheet, the components of flue gas are 
shown as CO2, H2O, N2, and Air  
Consider replacing Air with O2 
 
 
Other Comments: 
No mention about flame detector and its monitoring, 
Explosion door, Burner pressure curve 
Chapter F.1.2.6 on acid dew point temperature - Consider 
providing results of the test data in which gaseous fuel is 
used.   
 

US   Techn
ical 

Is this document to be co-branded as !SO 17705/ API Std. 
560? 
 
Para. 7.14  We suggest the use of "preferably" in lieu of 
"should" in first sentence. 
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TAble 3  Correct lower material column and lower tube spec 
column to match the pipe spec column.  Also add 
A312TP310 as an alternate pipe material for 25Cr 20Ni. 
 
Table 4 Revise tube sizes to match paragraph 7.1.6 
 
Table 7 Movement "Y" for hozizontal tubes should read +1" 
not ¡À1" 
 
Para 8.3.1 add item (d)  Where mechanical pigging is the 
specified cleaning method. 
 
Para 8.0  Add Table 1 from API Std. 560. 
 
Para. 11.1.2  Casing temperature should read 80¡ãC 
(180¡ãF). 
 
Para 11.3.1  Delete the terms "Premix" and use the term 
"mix" 
 
Para 11.3.7  This is a minimum standard and one anchor 
should be specified. As with all other requirements in this 
document the Purchaser can modify as they desire. 
 
Para 11.3.11  I believe this paragraph should be limited to 
flue gas temperatures > 1200¡ãF. 
 
Para 11.4.1  Delete "If specified or agrred by purchaser" 
 
Para 11.5.6 & 11.5.7 - Use wording from API Std. 560 para 
7.5.6 & 7.5.7. 
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Table 11  Correct temperatur for TP310 SS to read 1700¡ãF 
 
Para. 12.4  Add in API Std 560 paragrapghs 8.4.12  throught 
8.4.12.3 
 
Para. 13.1.2  Delete last sentence as this is redundant to 
para. 13.3 
 
Para 13.2.2  Replace this para. with para 9.1.3 of API Std 
560. 
 
Para 13.4.8  correct ratio to read R/t ¡Ü 160. 
 
Para 13.5.1   Annex H does not address dymanic response 
to earthquake. 
 
Para F.8.3.2  We do not understand the term "areic".  We 
suggest that we return to the terminology of API Std 560 
para E.8.2. 

US   Techn
ical 

   

US Air Preheater 
Data Sheet 

 Editor
ial 

The design pressure differential is listed as mbar, elsewhere 
Pa is used. 

Use the SI unit for pressure consistantly throughout 
the standard. 

 

NL Bibliography  Ge No reference found to documents [5], [12] and [14] Either add appropriate cross-refs in text or delete  

US Burner Data 
Sheet 

 Editor
ial 

The emission levels are quoted as ml/m^3, elsewhere in the 
data sheets, the emissions are listed as mg/m^3. 

Use the same SI measurement for emissions 
throughout the standard.  Common units for 
measure are mg/m^3 or ppm volume.  The use of 
ml/m^3 is uncommon. 

 

US DIS Cover 
Page 

 Other While it is recognized that this document is the DIS draft of 
ISO 13705, there is no acknowledgement that this is to be a 
co-branded document that will be the Second Edition of ISO 
13705 and the Fourth Edition of API Standard 560. What are 
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the ISO rules on this topic? 

NL Foreword 5th para Ed Typo �indistries�  should be  �industries�  

DE General  ed  
Avoid wherever possible references to national standards 
(see 6.2.2, ISO Directives Part 2). 
In principle, the referenced documents shall be 
documents published by ISO and/or IEC. 
So references to national documents which are equivalent to 
ISO standards shall be deleted 
Do not make double provisions (either /or )!!! 
All US-units and diagrams in the normative text have to be 
replaced by SI-units. This is an ISO document! 
 
In case of missing cooperativeness, we recommend to 
delete the adoption under Vienna Agreement. 
 

 
 
 
 
 
 
 
 
A correspondence list (SI-units to US-units) for 
better usability as an informative Annex would be 
helpful. 

 

NL General  ge/ed The use  of different Chapter & Paragraph numbers (as 
compared to the previous version) should be prevented 
wherever possible. This to prevent that all company 
standards (e.g. DEP�s for Shell) needs to be revised. 
I.e. : 

- if a chapter or paragraph is deleted, retain the 
number and indicate it is deleted. 

- If new paragraphs are added, add them to the end 
of each Chapter. 

- In this case figures 4, 5 and 6 (from version 1) 
could have the title�deleted�; figure 4 (in version 2) 
should be called figure 7a and figure 5 (in version 
2) should be called figure 7b. 

- A similar approach can be followed with the tables. 

  

US General  Techn
ical 

Standard ISO 13705 allows the use of TP317 and TP317L 
materials for 
heater tubes and states that the tube wall thickness shall be 
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determined 
in accordance with ISO 13704.  However, ISO 13704 does 
not have 
allowable stress curves of these materials for using in elastic 
and 
rupture design calculations.  Yet, it suggests to use stress 
values that 
are mutually agreed between purchaser and supplier.  We 
request the ISO 
organization to standardize and recommend stress curves 
for TP317 and 
TP317L which will make it easier for both purchasers and 
suppliers. 
 

US Introduction  Other Although the title of the document is "Fired Heaters for 
General Refinery Service", many users of the document 
have falsely assumed that the document can also apply to 
every facet of mechanical design for high severity type 
heaters, such as Reformers and Cracking Furnaces. 

The document requires a paragraph to state, 
"Although many of the good design practices in this 
document can be applied to the design of heaters 
used in high severity services, it must be 
recognized that the document is written strictly to 
cover heaters used in general refinery services and 
the Contractor / Vendor must be relied upon for 
proper design guidance for all other heater 
services". 
 
Such a statement might also be considered to be 
placed as the second paragraph of Section 1 
(Scope) since general refinery service is 
acknowledged in the first paragraph. 

 

DE Normative 
references 

 ge When it is unavoidable to reference on National standards 
the references shall be dated (see 6.6.7.5.2 ISO Directives) 
because all future changes in this national standard will be 
out of control of ISO or CEN. 

Reference to specific edition/year of publication of 
this national standard. 

 

DE Normative 
references 

 ed Delete ABMA Standard 9 . For ball bearings ISO 281 is 
applicable 

Use ISO 281  
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DE Normative 
references 

 ed Delete NFPA 70 this document is not applicable in Europe For electrical equipment use ISO 60204 and other 
related ISO/IEC standards 

 

DE Normative 
references 

 ge There are a lot of Standards for materials on ISO- and EN-
level e. g. for pressure equipment. These standards were 
not taken as normative reference instead of ASTM. 
E. g. ISO 9228 �series: Steel flat products for pressure 
purposes - Technical delivery conditions or EN 10216 -
 series 
E.g. ISO 9329 � series: Seamless steel tubes for pressure 
purposes; technical delivery conditions 
E.g. ISO 9330 � series: Welded steel tubes for pressure 
purposes; technical delivery conditions or EN 10217 - series 
E. g. EN 10272: Stainless steel bars for pressure purposes 
E. g. EN 10273: Hot rolled weldable steel bars for pressure 
purposes with specified elevated  temperature properties  

Check the material standards and change ASTM- 
by ISO- or EN-Standards if possible. 

 

DE Scope 
Introduction 

 ge If equipment is placed on the market in Member states of 
the CEN than the requirements of European directives have 
to be taken into account (E. g. machinery directive, pressure 
directive, gas appliance directive, low voltage directive, ...) 

Add in Scope and/or Introduction: 
If equipment is placed on the market in Members 
states of the CEN (European Committee for 
Standardisation) the requirements of European 
directives have to be taken into account (E. g. 
machinery directive, pressure directive, gas 
appliance directive, low voltage directive, ...) 

 

NL Throughout  Ed  For consistency in hyphenation Place hyphen where missing in:  low-temperature (if 
adjective), start-up, shop-welded, shop-lined, post-
weld, balanced-draught, forced-draught, induced-
draught (annex F), cold-end, grade-mounted, 
corrosion-resistant, cost-effective, project-specific, 
gas-tight, all-welded, cross-section 

 

US US Customary 
Fired Heater 
Data Sheets 

 Editor
ial 

Emissions are referred to on the basis of lb/Btu; however, 
the standard is lb/MMBtu (though this could lead to some 
confusion as M is million for SI and MM is million for US). 

Change emission basis to lb/(Btu x 10^6).  

US US Fired 
Heater Data 

 Editor There is typo for the gross calorific value Change hv to hh.  
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Sheet ial 

NL Various  Ed Conditional statement �when� or �where� should be  �if� in 13.5.4, 13.5.7, 
13.5.8,  E..5.2.1 third sentence, F.9.3.2, 

 

NL 2 Norm Refs  Ge ISO 1940-1 not listed but norm. referenced in E.2.8.1    Add to 2  

NL 2 Norm Refs  Ed Typo: for consistency with ASTM  A123 etc, place hyphen In titles of ISO 1461 and ISO 10684 in �hot-dip�  

US Section 2 - 
Normative 
References 

 Techn
ical 

Since this document is slated to be a co-branded document, 
shouldn't the list of normative references also include the 
USA recognized codes and standards? 

  

NL 3  Ed ISO terminology, in this case �International Standard� should be  �document�  

US 3  Terms and 
definitions 

 Techn
ical 

3.64 Pressure Drop of Manifolds should be defined as 
this is something that is sometimes overlooked when the 
supply of manifolds is by the Vendor. 

  

US Figure 3  Techn
ical 

Key 6 for the casing plate incorrectly points to the refractory 
(Key 18) and must be corrected. 
 
Key 10 should bear the description, "Radiant tubes". 

  

NL Table 3  Ge Why are A 53, A 106, A 335, A 312, A 376 nowhere listed?  Should be listed in 2 Norm Refs  

NL G 3.1.3 Title Ed Typos Place period after G.  �efficiency� should be without 
cap 

 

US 3.18  Editor
ial 

Corrosion rate expressed in millimeters per year would be 
mm/yr.  The term mils per year or mils/yr is usually used to 
express thousandths of an inch in the US. 

Corrosion rate is expressed in millimeters per year 
(mm/yr). 

 

NL 3.25  Ed For clarity Include the term �hL� somewhere in the definition  

NL 3.26  Ed For clarity Include the term �hH� somewhere in the definition  

NL 3.46 & 11.1.1  ed/te Definitions in 11.1.1 should be part of section 3. Moreover it 
must be made clear what the design temperature is. 
I.e. is this the rated or the service temperature????   

  

NL Beyond 3.82  Te It would be desirable to add a parameter definitions list at 
the back end of chapter 3 

Add parameter definitions list  
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NL 4.3 4th para Ed Typo Place missing period after  �b) or c)�  

NL Figures 4 and 5  Te/Ed �Key  1 Tube centreline�, �Key 1 Manifold centreline� resp. 
not necessary, are clearly shown in figures 

Delete  

US 5.2  Vendor�s 
responsibilities 

 Techn
ical 

Add a new paragraph j) to cover proposed list of sub-
suppliers. 
  
j) List of sub-suppliers proposed for the pipes and fittings, 
coil fabrication, extended surfaces on tubes, castings, steel 
fabrication, ladders and platforms, refractory supply, 
refractory installation, air pre-heaters, fans, burners and 
other auxiliary equipment.  
 

  

US 5.3.1
 Drawi
ngs for 
purchaser�s 
review 

 Techn
ical 

Revise Paragraph b) to include manifolds as follows: 
  
b)Coil terminal sizes, including flange ratings and facings; 
dimensional locations; direction of process flow; and 
allowable loads, moments and forces on terminals and/or 
manifolds. 
  
 

  

NL 5.3.3 a) and b) Ed a) and b) are drawings by nature and should be moved to 
clause 5.31 

Move a) and b) to clause 5.31  

US 5.3.3
 Docu
ments for 
purchaser�s 
review 

 Techn
ical 

Revise Paragraph c) to include calculations as follows 
c) Tube support details and design calculations; 
 

  

US 5.3 and 5.4  Techn
ical 

There is no mention of requiring documentation for 
environmental performance; yet, items such as noise data 
are listed. 

Add a line to 5.4 
k) environmental performance data, if requested by 
purchaser 

 

US 6.3  Mechanical  Techn
ical 

Paragraph covering number of flue gas off take ducts 
required on long convection sections omitted. Paragraph 
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6.3.13 should be added. 
  
6.3.13 Convection sections with an effective tube length 
over 12.2 meters (40 feet) shall have more than one flue gas 
off take to the stack(s). 
 

NL Tables 6 and 8  Te The USC unit for force is �lbf� Change �lb� to �lbf� throughout tables 6 and 8  

US 7.  Tubes  Techn
ical 

7.3 Materials 
Material specification for 317 and 317L has been omitted, 
while pipe specifications for 18Cr � 10 Ni � Ti, 18 Cr �10 Ni - 
Nba, Nickel alloyb and 25Cr-20Ni have all been specified 
incorrectly. Revise table as follows: 
 
Material: 18 Cr �13 Ni �3Mo **** Pipe spec: A312; TP317 
and TP 317L **** Tube spec:A213; TP317 and 317L **** 
Material: 18 Cr �10 Ni - Ti **** Pipe Spec: A312; TP321 and 
TP 321H **** Tube Spec: A213; TP321 and 321H **** 
Material: 18 Cr �10 Ni - Nba **** Pipe Spec:A312; TP347 
and TP 347H **** Tube Spec: A213; TP347 and 347H **** 
Material: Nickel Alloyb **** Pipe Spec: B407 **** Tube Spec: 
B407 **** Material: 25Cr-20Ni **** Pipe Spec: A608 
GrHK40**** Tube Spec: A213 TP310H 
 

  

US 7.1.3  Techn
ical 

This section should be split into two sections as maximum 
tube metal temperature and temperature allowance are 
defined independently (or use 7.1.3 to address design metal 
temperature which combines the two items).  The section 
should be consistant with the verbage in ISO 13704 (make 
tube-metal temperature allowance read temperature 
allowance). 

Split 7.1.3 into two sections (one for maximum tube 
metal temperature and one for temperature 
allowance) or rewrite as: 
The design metal temperature shall be determined 
in accordance with ISO 13704.  The temperature 
allowance shall be at least 15 deg C (27 deg F). 

 

US 7.1.4  Techn
ical 

Revise paragraph 7.1.4 to include the following Purchaser 
approval point: 
 
All tubes shall be seamless and should be in single 
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continuous lengths. Tubes shall not be circumferential 
welded to obtain the required tube length, unless approved 
by the Purchaser. If circumferential welding is approved, the 
exposed circumferential weld shall not be located within 3 ft. 
of the elevation of the maximum heat flux. Electric flash 
welding shall not be used for intermediate circumferential 
welds. Tubes finished to an average wall thickness shall be 
located in accordance with suitable tolerances so that the 
required minimum wall thickness is provided. 

US 8.3.1 Item c Ed Pigging has become a more widely practised decoking 
technique, and is also facilitated by the presence of return 
bends vs. plug headers. 

Change the sentence to �where steam-air decoking 
or pigging facilities��� 

 

US 8. Headers ---  
8.1
 Materi
als 

 Techn
ical 

Material table 5 should be amended to include 317SS and 
317LSS plug header and return bend materials in order to 
be consistent with the 317SS and 317LSS pipe and tube 
specification noted in table 3. 
 

  

US 9. Piping, 
terminals and 
manifolds 

 Techn
ical 

Add new paragraph to cover manifold pressure drop. 
  
9.1.9 The allowable pressure drop shown on the 
purchaser�s datasheets shall include manifold losses. 
 

  

NL 9.1.2  Te Raised face flanges would be a requirement as well Change to �All flanges shall be raised face welding-
neck flanges� 

 

US 10 & 11  Techn
ical 

Figure 3  #6 is pointing to refractory and not casing 
 
10.1.1 c)  Should be 205 C (400 F) 
 
11.1.1  Hot Face Temperature - correct 'sir' to 'air' 
 
11.1.4  Should be 150 C ( 300 F ) 
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Table 11  TP 310  Should be 927 C    1700 F 
 
11.4.3  Should be 260 C ( 500 F ) 
 
11.4.4 & 11.4.6   Make the 9" reference metric the same. 
Some places 225 mm others 230 mm. 
 
Figure F.7 the de equation is incorrect, go back to API 2nd 
edition 
 
Table F2 90 degree miter with vanes   add 'Note a' 
 
Table F2 Gradual Contraction & Enlargement - these 
coefficients are to multiplied by the Sudden Contraction & 
Enlargement factors base on the A2/A1 ratios 
 
 

NL 11.1.1 Last sentce Ed Typo Place missing period at end  

US 11.1.1 5th paragraph Ed Involves a typo Change �combustion sir� to �combustion air�  

US 11.1.2 Para 1  Techn
ical 

The refractory design temperature alone does not meet 
OSHA guideline of having surfaces that come in contact with 
operators to be less than ambient temperature + 60 deg F. 

Add this sentence at the end of 11.1.2 � Surfaces 
that are likely to be contacted by an operator shall  
be further protected utilizing a method agreed by 
the purchaser to avoid causing harm to the 
operator. 

 

NL 11.1.5, 11.2.2  Te/Ed Terminology Should  �high-duty�  be  �heavy-duty�? check  

NL 11.3.12  Ed Legibility / typo Place comma after second �castables�  

NL 11.3.12  ed The (new) handling clause on hydraulic setting castables 
should be moved to where it belongs, i.e. to clause 16.5 

  

NL 11.3.12 One but last 
sentence 

Ed For clarity Change �the loss of refractory thickness is less 
than 10 mm� to �the loss of refractory thickness 
was less than 10 mm� 
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CA 11.4  te Fibrous ceramic fibre (both RCF and MMVF) are now 
available in a �foamed� system and used for process 
heaters.  A decision is required whether or not to incorporate 
foamed products into this standard 

  

NL 11.4.11  Te/Ed Terminology: is �in soldier course� a familiar term? Check, explain  

NL 11.5.1  Ed Typo First C should not be bold  

US 12.2  
Structures 

 Techn
ical 

Add paragraph to the cover reinforcement requirements at 
burner mounting connection: 
 
12.2.10 The casing shall be adequately reinforced at the 
burner mounting to accurately maintain the burner alignment 
and firing pattern. Gaskets shall be provided at each bolted 
burner mounting flange connection to the heater. 
 

  

US 12.3.1  Header 
Boxes 

 Techn
ical 

12.3.1.5 Add new paragraph to cover gasketing of header 
box openings and connections: 
  
 Gasketing shall be provided in all header box joints 
for air tightness. Where terminals and crossovers protrude 
through the header box, the opening around the coil shall be 
sealed to minimize leakage.  
 

  

NL 12.3.2.2  Te The access door is quite narrow for today�s sized men Consider widening the access door requirements to 
600 x 600 mm 

 

US 12.3.2.5  Ed Improves clarity Change �Observation doors and ports�..burner 
flames for proper operation and light-off� to 
�Observation doors and ports�..burner flames for 
proper operation, and for light-off� 

 

US 12.4
 Ladde
rs, platforms 
and stairways 

 Techn
ical 

Amend paragraph 12.4.7 to include Purchaser acceptance 
on ladder arrangement: 
 
Ladders shall be caged from a point 2,3 m (7,5 ft) above 
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grade or any platform. A self-closing safety gate shall be 
provided for all caged ladders serving platforms and 
landings. Ladders shall be arranged for side step-off. Step-
through ladders are not acceptable unless otherwise 
specified or agreed by the Purchaser. 
 

NL Table 13 5th footnote Ed Typo Insert space before �excess�  

NL 13.2.8  b)  Te/Ed Typo?  �shell� should presumably be �steel� Check, amend  

NL 13.4.8  Te/Ed Typo? What is meant with �u�?  Should this be �<�  (�smaller than�)? Check, amend  

NL 14.1.3  Ed Typo �comubstion� should be  �combustion�  

US 14.1.14  Techn
ical 

A temperature parameter should be associated with the 
ability of the burner to be stable at lower firing rates without 
adjustment of the air controls. If the furnace temperature 
falls below 1100 deg F, the air controls may need to be 
adjusted at firing rates from 33% to 50%. 

Zeeco suggests adding the words after when 
operating at "furnace temperatures above 1100 
deg F at" no less than 33%.... 

 

US Table 15  Techn
ical 

The concentration basis of H2S in fuel gas should be 
volume or molar rather than weight basis, i.e. 100 ppmv 
rather than 100 ppmw. 

change 100 mg/kg to 100 microliters/liter (probably 
use greek letter mu rather than the word "micro") 

 

US Table 15  Techn
ical 

API 560 specifies that the oil tile should be greater than or 
equal 60% alumina for less than 50 mg/kg of (V+Na) in oil 

Change "greater than 60% alumina refractory" to 
"greater than or equal to 60% alumina refractory" 
for oil tile less than or equal to 50 mg/kg (V+Na) 
 

 

NL 15.1.1.6, 
15.1.2.8, 
15.3.1.2, 
15.3.2.1 

 Te Flanged connections should be acceptable too Consider the additional option of flanged 
connections 

 

NL 16.2.2.2  Te Why is this requirement different from clause 13.4.11 Clarify the relationship to clause 13.4.11  

DE  16.4.1  ed ISO 8501-1 is equivalent to SSPC SP6, so delete SSPC 
SP6.  
 

Use only ISO 8501-1 
 

 

NL 16.6.8  Ed Typo �speci- fied� should be  �specified�  
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NL 16.6.10  Ed Typo Place missing period at end  

NL 17.2.2 c) Last sentence Te For clarity Change to �For each further weld found to be 
defective, radiographs shall be made promptly on 
all welds made by the same welder that produced 
the defective welds� 

 

US 17.5.1
 Press
ure Testing 

 Techn
ical 

The chloride content of the test water used for testing 
austenitic stainless steel materials should be revised to be 
consistent with other API heat transfer publications, 
Currently the limits of chloride content indicated in various 
API publications is as follows: 
 
� API 560 � Fired Heaters - 50 mg/kg (50 ppm) 
� API 660 � Shell & tube Heat Exchangers � 20 
mg/kg (20 ppm by mass) 
� API 661 � Air Cooled Heat Exchangers � 50 mg/kg 
(50 ppm by weight) 
� API 662 � Plate Heat Exchangers - 30 mg/kg (30 
ppm by mass) 

  

NL 17.5.1.2  Te Because this is a leak test only, all other integrity testing 
requirements (radiography, MPI, and visual) should be 
increased to 100% 

Include a requirement that radiography, MPI and 
visual inspections are increased to 100% 

 

NL 17.5.1.4  Te For the prevention of chloride stress corrosion cracking, the 
water used for hydrostatic testing shall not contain a 
concentration of chlorides, either present originally or 
resulting from evaporation.  

Replace last sentence with:  
�For austenitic materials, the equipment and/or 
piping shall be tested with condensate, boiler feed 
water or demineralized water (i.e. test water shall 
not exceed 2 mg/kg (2 ppm) chlorides). 
Alternatively, it may be tested with potable water 
provided that it is either drained and mechanically 
dried immediately after the testing, or flushed with 
condensate, boiler feed water or demineralized 
water immediately after the testing.� 

 

NL Table D.1 Footnote b Ge Title of IN-657 should be listed in Bibliography, not here Amend  

US E.1 New E.1.14 te Add new definition for trip speed E.1.14 trip speed  
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speed (revolutions per minute) at which the 
independent emergency over-speed device 
operates to shutdown a prime mover 
Add a Table for Driver Trip Speeds  - same as API 
673. 
Add reference to the new table beside Key 6 trip 
speed on Fig E.1 

NL E.1.5 NOTE Ed Typo Should be in smaller font  

NL Table E.2  Te What is meant with  �1,00 Motor� and  �1,15 Motor� ?   Explain  

CA E.2.1 E2.1.12 te Add a note to this paragraph to warn about problems related 
to use of VFD�s an non-parabolic system resistance curves 

Note: Applications which include a VFD and / 
or a non-parabolic system resistance curve 
require detailed review to ensure stable 
operation of the fan over the intended 
operating range. 

 

US E.2.1 E.2.1.4 te API RP 500A Classification of Locations for Electrical 
Installations I Petroleum Refineries is referenced here 
however not included.  Clarification of informative references 
required.  

Either include API RP 500A or an ISO equivalent 
as an informative reference or delete reference to it 
from this paragraph. 

 

US E.2.1 E2.1.2 te The terminology is not consistent with the operating 
conditions specified on the data sheet i.e. Design and Test 
Block 

Revise the data sheet line 7 �operating condition / 
case� to include normal operating point and rated 
point 

 

US E.2.2 E.2.2.3 te This is almost always taken exception to and is impractical 
to comply with. 

Delete or revise �shall� to �should�  

US E.2.4  te This section identifies information to include on the fan data 
sheets however there are no provisions 

Add provisions for external forces and expansion 
joint information on the data sheet 

 

US E.2.5 E.2.5.6 te Shafts for all fans for elevated service should be stress 
relieved after rough machining to prevent a thermally 
sensitive shaft. 

Add �For fans operating above 120 deg C (250 deg 
F), shafts shall be rough machined to within 6 mm 
(1/4 in) of final dimensions and stress relieved 
before final machining.� 

 

US E.2.7  te A margin between a drive train torsional resonance and 
operating speed is not included.  

Add a new paragraph: For fixed speed fans, a 
minimum margin of +/-10% shall be provided 
between operating speed and drive train torsional 
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resonances. For variable speed fans, a list of all 
undesirable speeds from zero to trip shall be 
submitted�� 

US E.2.8 E.2.8.3 te Axial vibration limits should be included. Delete �radial� from second sentence  

US E.2.9 E.2.9.6 te This is always taken exception to. Dodge sleeve bearings 
have a threaded connection that could allow water to leak 
into the oil reservoir. There is not an alternative available so 
circulating oil bearings must be used. Most (if not all) API 
customers allow an exception to this requirement. 

Delete sentence �Where water cooling is 
required��into the oil reservoir.� 

 

NL E.2.12.2  b)  Ed Typo Place missing semicolon at end  

NL E.3.4.1  Ed Its two subclauses are wrongly numbered Should be E.3.4.1.1 and E.3.4.1.2, respectively  

US E.3.4.3 E.3.4.3.4 te The term �flowing gas stream� has been misinterpreted to 
allow mechanisms inside the fan but not in the inlet cone 
throat. The intent is for the mechanisms to be outside of the 
gas stream. 

Delete the word �flowing� or ��shall be located 
outside the fan housing�. 

 

US E.4 E.4.1.3 ed  Replace radiography with ultrasonic examination  

US E.4 E.4.1.4 ed  Replace radiography with magnetic particle 
examination 

 

US E.4 E.4.1.5 ed  Replace radiography with liquid-penetrant 
examination 

 

NL E.4.1.3  Ed Typo �radiography� should be �ultrasonic examination�  

NL E.4.1.4  Ed Typo �radiography� should be �magnetic particle 
examination� 

 

NL E.4.1.5  Ed Typo �radiography� should be �liquid-penetrant 
examination� 

 

NL E.5.1  b)  Ed Typo Colon at end should be semicolon  

US E.5.2 E.5.2.5 te It is unclear what is meant by drive centrifugal force.  Revise the first sentence to read �Unless otherwise 
specified, the fan vendor shall provide  the fan and 
drive moment of inertia.� 
Add a new item to the list: 
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c) fan and drive static and dynamic loads� 

NL E.5.2.5 e) and m) Ed Typo At end should be a comma only  

NL F.1  Te/Ed For consistency with text  Add  �k)    flue-gas dew point (F.12)�  

NL Table F.1 Footnotes Ed Typos Place these all in the same small font  

NL Table F.2 Footnote a Ge/Te Cross-ref  �see Figure F.5� is not correct. Should be  �see Figure F.8�  

NL F.2.1  Ed Is a hanging para, not allowed by ISO Amend by renumbering and/or re-arranging text  

NL F.3 Title Ed Typo �Considerations�  should be  �considerations� (no 
cap) 

 

NL F.3.1.1 Last para Ed In first sentence word missing Insert  �an� before  �APH�  

NL F.3.1.2 1st para Ge Cross-ref to  F.3.2.1 needs to be adapted (see below) Should be to F.3.2.2  

NL F.3.2.1  te In order to include the system as is more usual in Europe, it 
is suggested to add clause d). 

d) Since the application of APH typically requires 
FD fans, for new furnace designs the use of high 
pressure drop FD burners may be considered, 
which generally leads to a smaller number of 
burners and an improved distribution of combustion 
air over the burners. 
This feature basically eliminates the possibility to 
operate without FD fans, however, it also eliminates 
the general leakage problems related to the natural 
draught dampers. 

 

NL Second F.3.2.1  Ed �F.3.2.1 Design excess air�: wrong number; should be 
F.3.2.2 

Renumber throughout, down to and including 
F.3.2.1.3 which should be F.3.2.2.3 

 

NL F.3.2.1.1  Te (now renumbered F.3.2.2.1) what is meant  with substoich�?  
Correct? 

Explain  

NL F.3.2.2  Ed See above Should be renumbered F.3.2.3  

NL F.3.4  te In order to include systems as generally applied in Europe, it 
is suggested to add some text in this clause. 

Alternatively, outside insulation can be applied on 
the hot air ducts. 

 

US F.3.4  Techn
ical 

This section refers to setting losses at 82 deg C casing 
temperature with 27 deg C still air while section 11.1.2 refers 
to an outside casing temperature of 80 deg C. 

Make the casing temperature consistant between 
F.3.4 and 11.1.2. 
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NL F.3/4/5/6/7 Titles Ed Typos Insert space between clause number and title  

NL F.3.6.3 1st sentence Ed Typo �Indirect� should be  �indirect� (no cap)  

NL F.4.2  Ed Typo, also in F.7.1 �independant� should be  �independent� (2x)  

NL F.4.5  te Present clause do not do right to typical European designs. 
The following clause should be added: 

An alternative to the low-draught-loss burners is to 
apply high pressure drop burners, whereby it is 
accepted that the furnace can only be operated in 
forced draught mode � be it that APH system and 
ID fan may be bypassed.  

 

NL F.4.5  Ed Typo. Same in F.8.6.3 a) The 2 in H2O should be a subscript (2x)  

NL F.4.6  b)  Ed Syntax:  word missing Insert  �of� after  �upsizing�  

NL F.4.8 a)b)c)d) Ge Cross-references to F.3.5.1 � F.3.5.4 are wrong Should be to F.3.5.2 � F.3.5.5, respectively  

NL F.5 Title Ed For consistency with F.1, title should read �Safety, operations and maintenance 
considerations�  (cap only at start of first word) 

 

NL F.5.4  Ge Cross-reference to F.4.4 is wrong Should be to F.4.5  

NL Figure F.6 Key 1,2,3 Te What is the meaning of E ? Check, explain  

NL F.7.1  Ge Cross-reference �SECTION 11 of this standard�:  11 is 
wrong; which subclause is meant? �SECTION� should be  
�subclause� (2x). Delete unnecessary �of this standard� 

Check, amend  

NL F.7.3.3 1st para Ge Cross-reference to F.8.6.1 is wrong Should be to F.8.6.2  

NL F.7.4.3 1st para Ge Cross-refs to F.8.6.2 and F.8.6.3 are wrong Should be to F.8.6.3 and F.8.6.4, respectively  

NL F.8.3.2  Ed Typo: should the �a�  in q subscript m,a (4 x quoted) be 
lower case or capital? Both are used 

Check, amend. Same in F.8.4.2.1, F.8.4.4, F.8.4.5  

NL F.8.4.1 2nd para Ed Data are plural �This data� should be  �These data�  

NL F.8.4.2.1  Ed Typos, also in Fig. F.7, F.8.4.4, F.8.4.5, F.8.5 Insert space in �mm H2O� and  �in H2O�  

NL F.8.4.5 Eqn (F.20) Ge/E
d 

This equation number is used twice.  Renumber the second one (F.21) and so on   

NL F.8.9  Ge These documents are already listed in Bibliography Delete them from F.8.9; its first sentence to read: 
�The documents [39] through [43] in the 
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Bibliography provide additional information.�  

NL F.9 Title Ed/Te For consistency with F.1 h) and F.9.1 �specification� should be  �design�  

NL F.9.2.3  e)  Ed Typo I8  should be 18  

NL F.9.2.3  f)  Ge Cross-reference to 9.5 is wrong Should be to 13.5  

NL F.9.4.2 2nd para Ed Typo Place missing closing bracket after  750 degF  

NL F.9.5.4  Ge Refers in �should� context to API RP 534, nowhere listed  Add this API to Bibliography  

NL F.9.7.2 / 9.7.3  Ed �vapour� or �vapor� ? be consistent Amend  

NL F.11.2  Ed Data are plural �The data is� should be  �The data are�  

NL F.11.3 g) Ed Typo �Specifications� should be  �specifications� (no cap)  

NL Fig. F.7 Footnotes Ed/G
e 

Typos; what is meant in NOTE 2 with  �pressure4�?  Place all in same small font. Check, amend  

NL Figs. F.11, 
F.12, F.13 

 Ge The reference numbers to the documents in the 
Bibliography are wrong 

Amend � should all be 10 higher  

NL G.3.1.3 1st para Ed Typo G-1 should be G.1  

NL G.3.2.3 2nd para Te Figures for h subscript L don�t seem to tally with G.7 Check, amend  

NL Figs G.3/4 Title Ed Typo �arrangment� should be  �arrangement�  

NL G.5  Te �LOWER MASSIC... SHEET� shows only �page 2 of 3�.  
Where are page 1 and 3? Or should it be �page 1 of 1�? 

Check, compare with G.6, G.7, G.8. Amend  

NL G.5, G.6, G.7, 
G.8 

 Te/Ed �EXCESS AIR�SHEET SI Units�: the note at end should for 
clarity and consistency be preceded by word �NOTE� like on 
USC version (where �Note:� should be  �NOTE�)  

Amend  

NL G.9.1 2nd para Ed Typo �condions� should be  �conditions�  

NL G.9.2  Ge There is already an equation (G.3) in G.3.1.3.  Renumber (G.3) into (G.4) and so on. Also adapt 
cross-references to equations in G.9.2 1st para and 
throughout G.9.3 

 

NL H.3 Eq (H.10) Te/Ed In Eq. (H.10) and the para above it, the symbol for critical 
compressive stress appears to be wrong. Typo? 

Check, amend  
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NL H.4.4 Eq (H.15) Ed In the para above it the symbol t appears wrong Should presumably be t subscript r. Check, amend  

NL H.5.4 Eqns (H.19), 
(H.20) 

Te Where is r defined ?  Where is alpha used ? Check, amend  

NL H.5.5 1st sentence Ed Grammar �are� should be  �is�  

NL H.5.8  Ed Typo: under �where�, the symbol t should be t subscript r  Amend  

US Para. 7.3, Tube 
Materials 
(Table 3) 

 Techn
ical 

The lower end of Table 3 contains multiple errors. The 
addition of TP 317 /317L material has caused the entries to 
become misaligned as well as the footnotes. 

Make necessary corrections to align material 
designations with their proper descriptions. 
 
The heading "Nickel alloy" should be replaced with 
the original heading Alloy 800H /HT. There are 
many other varieties of nickel alloys, but only Alloy 
800H /HT is typically used for heater pressure 
parts. 

 

US Para. 8.4.1, 
Materials 
(Table 5) 

 Techn
ical 

 Propose the same change for "Nickel alloy" 
heading as suggested for Table 3. 

 

US Para. 11.1, 
General 

 Techn
ical 

 Paragraph 7.1.11 from Std 560 would still seem to 
be an appropriate requirement to include in this 
document. 

 

US Para. 11.3.8, 
Castable 
Construction 

 Techn
ical 

This paragraph is probably more appropriate to have 
remained under the General heading. 

  

US Para. 17.5.1.1, 
Pressure 
Testing 

 Techn
ical 

Paragraph 14.5.1.1.c from Std 560 would still seem to be an 
appropriate requirement to include in this document, 
especially since this calculated hydrotest pressure for fired 
heaters can become very large and potentially unsafe. 

Add the requirement of 14.5.1.1.c from Std 560.  

CA Annex A  te Revisions to Annex A page 1 of 6.  For process inlet and 
outlet conditions, include vapor density, liquid and vapor 
enthalpy and superficial liquid and vapor velocities.  Owner 
data sheets typically revised to include such additional 
requirements.  Superficial velocity is important when it 
comes to understanding safe operating envelop of heaters 

Refer to appended data sheet  
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in particular when there is and erosion potential. 

NL Annex A  Te/Ed In �Fired heater data sheet�, sheet 3 of 6, the unit for �11 
stress to rupture basis� is �HR� on the SI version and �h� on 
the USC version. What is correct?   

Check, amend  

US Annex A Fuel charac-
teristics 

Ed Improves clarity: the actual fuel gas pressure at the burner 
will vary, based on heat duty requirement.  

Change �pressure @ burner� to �pressure available 
@ burner� 

 

US Annex B � 
Purchaser�s 
checklist 

 Techn
ical 

Amend annex B to include paragraphs 7.1.4 and 12.4.7 
detailed above. 

  

NL Annex F  Te/Ed We agree that Annex F is normative due to the way it is 
cited in Clause 4.3 and because Annex F contains numerous 
"shall" requirements. However, it is noted that all the "shall 
requirements" are located in Clause F.4.9 which deals with 
preheater components. It has come to our attention that the 
Working Group intended to make this Annex only 
Informative as far as possible. If this is not the intention, 
then leave everything as it is.  

If, however, it is the intention to make it 
Informative, we suggest the following possibilities, 
the first of which is preferred: 
 
1) Extract F.4.9 and make it a new Normative 
Annex on its own (with a title such as "Air 
preheater components"). Clause 4.3 will need 
modifying such that the remaining Annex F is 
referenced informatively. The new annex will need 
referencing normatively at an appropriate place in 
the main text (e.g. in Clause 6.3). 
 
2) Change "shall" to "should" throughout Annex F 
and make the entire annex Informative. 
 
3) Extract F.4.9 and move it to the main body of 
the standard. The remaining Annex F could then be 
Informative. Clause 4.3 will need modifying such 
that the remaining Annex F is referenced 
informatively. 
 
 
For all 3 options, it will be necessary also to: 
- rephrase the last sentence of Clause 4.3 to reflect 
the new situation. 
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- rephrase Annex F.1 to reflect the new 
situation. 

NL Annex F  Ed Typos:  �ie� should be  �i.e.�; Amend throughout  

US Annex F, Air 
Preheat 
Systems 
(Normative) 

 Editor
ial 

Since Annex F is designated normative for this update, the 
Annex must be reviewed in detail and reworded (where 
required) to make the document consistent with having 
mandatory requirements. 

Correct the wording where necessary.  

NL Annex H Tables Ed Typos Tables to be renumbered from A.1-A.6 to H.1-H.6  

US Annex H  Ge  Change table numbers from A�s to H�s  

US Annex H H.4.2, H.5.2, 
H.5.4, H.5.8 

Ed   Change �hertz� to �Hertz�  

US  Annex H H.5.2, Eq. 
H.16 

Ed Use same notation as in H.11 Change �fxDAV/Sr� to �f.DAV/Sr�  

US Annex H Table H.6 Ed Improves clarity Change �Internal corrosion allowance� to �Internal 
corrosion allowance for unprotected CS stacks� 

 

CA 2,3,4,5,11,16,1
7, Annex A, 
Annex F 

 te Numerous revisions made throughout noted sections of the 
document related to refractory systems.  Although API 560 
& ISO 13705 have been used extensively, the content is 
considered outdated in particular the use of field mix 
refractories.  Each owner and engineering contractor 
provide supplemental requirements to the heater standard 
related to refractory.  Addition of such requirements creates 
additional expense to the owner, confusion with the vendor 
and very often field construction issues and delays.  The 
intent of this major revision was to incorporate fundamental 
good practices, move the industry away from field mix 
refractories and provide a stand alone document. 
 Major changes include 

- addition of many new normative references 
- clarification and addition to terms and definitions 
- incorporated ma-made vitreous fibres(MMVF) 

which are extensively used outside of North 

Refer to appended document and Table 
NEW1 
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America 
- provided a table for selection and compliance data 

for castable refractories  
- significant upgrade to application, installation and 

inspection of refractory 
-   

US Annex E 2.8.3 
Para 1 

 Techn
ical 

The peak vibration limit is specified for any �radial� plane 
only.  API 673 Section 2.7.4.7 states During the shop test of 
the assembled machine, operating at maximum continuous 
speed or at any other 
speed within the specified operating speed range, the 
maximum allowable unfiltered peak amplitude of vibration 
 in any plane measured on the bearing housing shall not 
exceed the value given in Table 2. 
 

Modify E2.8.3 second sentence to delete the word 
�radial�- During the shop test of the assembled 
machine operating at maximum continuous speed 
or at any 
other speed within the specified operating range, 
the maximum allowable unfiltered peak vibration 
velocity, 
measured on the bearing housing in any plane, 
shall not exceed 5 mm/s (0,2 in/s) or 2,5 mm/s (0,1 
in/s) at 
running frequency.  
 

 

US Annex G, page 
216 

 Editor
ial 

Stack Loss Worksheet top line should have customary unit 
added in parenthesis. 

Exit flue-gas temperature, Te:________________ 
C ( F) 

 

US Annex G, page 
221 

 Techn
ical 

Table is missing calculated values for the Sulfur line in 
Columns 7 and 9. 

Line 20 (for Sulfur), Column 7 should read 0,078. 
Line 20, Column 9 should read 0,036. 

 

US Annex G, page 
240 

 Editor
ial 

Top line has incorrect units. Top line should read:  Exit flue-gas temperature, 
Te: 300  F. 

 

US Annex G, page 
246 

 Editor
ial 

Top line has incorrect units. Exit flue gas temperature, Te:  500   F.  

 
 
 
 



  

Table NEW1 
Castable Refractory Material Selection and Compliance Requirements 

   Type 1 Type 2 Type 3 Type 3 LI Type 4 Type 4 LI Type 4 HS Type 5 
Properties 

 
Firing 

Temperatures 
(Note 3) 

 

Specimen 
Preparation 

Method 
(Note 4) 

 

Ultra Light 
Weight 

Insulating 
 

Extra Light 
Weight 

Insulating 

Light Weight 
Insulating 

Light Weight 
Insulating Low 

Iron 

Medium Weight 
Insulating 

Medium Weight 
Insulating Low 

Iron 

Medium Weight 
Insulating High 

Strength 

Dense Weight 
Low Porosity 

(Note 7) 

Cast 
 

< 720 
(< 45) 

720 � 960 
(45 � 60)  

960 � 1200 
(60 � 75) 

960 � 1200 
(60 � 75) 

1200 � 1600 
(75 � 100) 

1200 � 1600 
(75 � 100) 

1200 � 1600 
(75 � 100) 

1840 � 2240 
(115 � 140) 

Bulk 
Density,kg/m3 

(lbs/ft3) per 
ASTM C134 

 
815C 

(1500F) Gunned <720 
(< 45) 

720 � 1040 
(45 � 65) 

1040 � 1280 
(65 � 80) 

1040 � 1280 
(65 � 80) 

1280 � 1600 
(80 � 100) 

1280 � 1600 
(80 � 100) 

1280 � 1600 
(80 � 100) 

1920 � 2240 
(120 � 140) 

Cold Crushing 
Strength, MPa 

(psi) per 
ASTM C133 
(Minimum) 

 
815C 

(1500F) 
 0.7 

(100) 
1.1 

(150) 
3.5 

(500) 
3.5 

(500) 
3.5 

(500) 
3.5 

(500) 
7.0 

(1000) 
24.5 

(3500) 

Permanent 
Linear 

Change Range 
(%) per 

ASTM C113 
(Note 5) 

 
815C 

(1500F) 
 0 to � 0.9 0 to �0.8 0 to �0.8 0 to �0.8 0 to �0.4 0 to �0.4 0 to �0.4 0 to �0.4 

Continuous 
Use Limit 

Temperature, 
oC (oF) 

(Minimum) 

  980 
(1800) 

980 
(1800) 

1205 
(2200) 

1205 
(2200) 

1315 
(2400) 

1315 
(2400) 

1205 
(2200) 

1350 
(2400) 

 
 
 

Cast 
 

0.17 
(1.2) 

0.20 
(1.4) 

0.26 
(1.8) 

0.26 
(1.8) 

0.40 
(2.8) 

0.40 
(2.8) 

0.46 
(3.2) 

0.93 
(6.5) 

Thermal 
Conductivity - 

K, W/moK 
(Btu·in/(h·ft2 oF) 

per 
ASTM C201 

and 
C417, 

Ascending 
Curve 

(Maximum) 

At 425C 
(800F) 
Note6 

 
Gunned 

0.22 
(1.5) 

0.29 
(2.0) 

0.35 
(2.4) 

0.35 
(2.4) 

0.45 
(3.1) 

0.45 
(3.1) 

0.50 
(3.5) 

0.98 
(6.8) 

Fe2O3 (%) 
(Maximum)   N/A N/A N/A 1.0 N/A 1.0 N/A N/A 

Al2O3 (%) 
(Minimum)          40 

SiO2 (%) 
(Minimum)          35 
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NOTES: 
1. Data is for proprietary, commercial, preblended mixes only and is not applicable to field mixes. The presence of organic dryout fibers product shall be identified. 
2. Samples for testing do not include metal reinforcing fibers. 
3. Specimens after forming shall be membrane cured for a minimum 24 hours at 20C to 30C (70F to 85F), oven dried for a minimum 12 hours at 104C to 110C (220F to 230F), oven fired by heating at 170C per hour 
(300F per hour) to 815C 1500F), held for five hours at 815C (1500 F), cooled at maximum rate of 280C per hour (500F per hour) to ambient.,  
4. All specimens shall be prepared by the same method to be used for field installation. 
5. The value shown is the total (green to fired) shrinkage. 
6. Test is to be conducted at this mean sample temperature. 
7. Maxium average porosity 30%. 
8. Cements or binders liberating free lime on hydration such as Portland cement, shall not be used with flue gases containing sulphur oxides or continuous use temperature over 425C (800F). 
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1 Scope 

This International Standard specifies requirements and gives recommendations for the design, materials, 
fabrication, inspection, testing, preparation for shipment, and erection of fired heaters, air preheaters, fans and 
burners for general refinery service. 

2 References 

2.1 Normative references 

2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 
ASTM C 27, Standard classification of fireclay and high-alumina refractory brick 

ASTM C 113, Standard test methods for reheat change of refractory brick 
ASTM C 133, Standard test methods for cold crush strength and modulus of rupture of refractories 
ASTM C 134, Standard test methods for size, dimensional measurements, and bulk density of refractory brick and 
insulating brick  

ASTM C 155, Standard classification of insulating firebrick  

ASTM C 182, Test method for thermal conductivity of insulating firebrick 

ASTM C 201 , Standard test method for thermal conductivity of refractories 
ASTM C 309, Standard specification for liquid membrane-forming compounds for curing concrete 
ASTM C 332, Standard specification for lightweight aggregates for insulating concrete 

ASTM C 401, Standard classification of alumina and alumina-silicate castable refractories 
ASTM C 417, Standard test method for thermal conductivity of unfired monolithic refractories 
ASTM C 612, Standard specification for mineral fiber block and board thermal insulation 

AWS1) D1.1/D1.1M, Structural welding code � Steel 

SSPC SP 32) , Power tool cleaning 
SSPC SP 63) , Commercial blast cleaning - NACE No. 3 
SSPC SP 7 , Brush-off blast cleaning � NACE No. 4 
 
2.1 Informative references 

The following referenced documents are useful for the application of this document. The latest edition of the 
referenced document (including any amendments) should be used. 
ASTM C 71, Standard terminology relating to refractories 
ASTM P142, Proposed procedure for calculating heat losses through furnace walls 
API RP 936, Refractory installation quality control guidelines � inspection and testing of monolithic refractory 
lining material 
Harbison-Walker handbook of refractory practices, 1st edition, 1992 
ASTM C680-95 , Standard Practice for determination of heat gain or loss and the surface temperatures of 
equipment systems by the use of computer program 
 

                                                
1) American Welding Society, 550 NW Le Jeune Road, Miami, FL 33126, USA. 
2) The Society for Protective Coatings, 40, 24th Street, Pittsburg, PA 15222-4643, USA 

3) The Society for Protective Coatings, 40, 24th Street, Pittsburg, PA 15222-4643, USA 
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3 Terms and definitions 

For the purposes of this International Standard, the following terms and definitions apply. 
NOTE Terms and definitions related to centrifugal fans are given in Annex E. 

NOTE Terms and definitions related to refractories and insulation are included in Section 11 to avoid 
confusion with similar terms related to the thermal design aspects of a fired heater 
3.13 
castable 
refractory insulating concrete poured or gunned in place to form a rigid refractory shape or structure 

examples: insulating, medium weight and dense weight 
3.14 
refractory ceramic fibre (RCF) 
fibrous refractory insulation composed primarily of silica and alumina 

NOTE Applicable forms include blanket, board, paper, module, rigidized blanket, pumpables and vacuum-formed shapes. 

add 
ceramic fibre 
fibrous refractory insulation which for this standard may be either refractory ceramic fibre (RCF) or man-made vitreous 
fibres (MMVF) 

3.52 
metal fibre reinforcement 
stainless steel needles added to castable for improved toughness, thermal shock resistance and durability 

3.55 
multicomponent lining 
refractory system consisting of two or more layers of different refractory types 

NOTE Examples of refractory types are castable, bricks and ceramic fibre. 

Add: 
applicator qualification testing 
pre-installation simulation of production work that is sampled and tested as well as visually inspected to verify 
that application equipment and personnel are capable of meeting specific quality standards 
inspector 
the party or individual whom the purchaser has contracted or otherwise designated to monitor refractory 
installation work being conducted by the contractor and supplying material manufacture(s) 
material qualification testing 
pre-installation testing of refractory materials in which production lots or refractories manufactured for a 
specific installation are sampled and tested to confirm compliance with specified physical property 
requirements 
test specimen 
individual cubes or bars used for physical property testing the results of which are usually expressed as the 
average of two or more specimens made up from the same sample 
compliance data  
data provided by the refractory manufacturer listing property values that the manufacturer certifies or 
guarantees will be met by each sample tested 
commercial refractory 
packaged and preblended refractory product offered with data sheets, installation information, Material Safety 
Data Sheets (MSDS), and other safety and handling information 
cold-face temperature 
temperature of the external surface of the heater setting exposed to the ambient conditions 
NOTE Personnel are exposed to the heater setting in areas of platforms, ladders and access for operation 
normal operation and maintenance.   
NOTE The cold face temperature is determined through a heat flow calculation which includes consideration of 
refractory hot face temperature, thermal conductivity of the refractory lining and casing, surface emissivity, ambient 
temperature and wind effects 
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inter-face temperature 
temperature between layers of multilayer monolithic or multicomponent refractory and insulation 
man-made vitreous fibres (MMVF) 
synthetic amorphous glass insulation fibres based on calcium, magnesium and silica chemistry which are 
intended to enhance in-vitro solubility 
NOTE Also referred to as amorphous alkaline-earth-silicate fibre. 
 

 

4 General 

4.4 Heater nomenclature 

In a fired heater, heat liberated by the combustion of fuels is transferred to fluids contained in tubular coils 
within an internally insulated enclosure. The type of heater is normally described by the structural 
configuration, radiant tube coil configuration, and burner arrangement. Some examples of structural 
configurations are cylindrical, box, cabin, vertical box and multicell box. Examples of radiant tube coil 
configurations include vertical, horizontal, helical and arbor. Radiant tube coil configurations most typically 
employed include single fired backed by refractory and double fired with equal radiation from both sides.  
Refer to ISO 13704 Annex B for other configurations. Examples of burner arrangements include upfired, 
downfired and wallfired. The wallfired arrangement can be further classified as sidewall, endwall and 
multilevel. 
Figure 1 illustrates some typical heater types. 
Figure 2 illustrates typical burner arrangements. 
Various combinations of Figures 1 and 2 can be used. For example, Figure 1 c) can employ burner 
arrangements as in Figure 2 a), b) or c) Similarly, Figure 1 d) can employ burner arrangements as in Figure 2 
a) or d). 
Figure 3 shows typical components.  

Convection sections may be either top or side mounted.  Side mounted down-flow designs may be used when  
combined with grade mounted air preheat (APH) systems.  

Annex F gives guidelines for the design, selection and evaluation of air preheat (APH)APH systems. Figures 
F.1, F.2 and F.3 show typical APH systems. 
Add a sketch of an upright box heater to Figures 
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5 Proposals 

5.2 Vendor�s responsibilities 

The vendor�s proposal shall include: 
a) completed data sheets for each fired heater and the associated equipment (see examples in Annex A); 

b) an outline drawing showing firebox dimensions, burner layout and clearances, preliminary refractory thicknesses, 
refractory hot face temperatures to be used for heat flow calculations, arrangement and overall dimensions of tubes, 
platforms, ducting, stack, breeching, air pre-heater and fans; 

c) a full definition of the extent of shop assembly (format given in Annex C may be used), including the number, size and 
mass of prefabricated parts and the number of field welds; 

d) a detailed description of any exceptions to the specified requirements; 

! e) a completed noise data sheet if specified by the purchaser; 

f) curves for heaters in vaporizing service, showing pressure, temperature, vaporization and bulk velocity as a function 
of the tube number; 

g) time schedule for submission of all required drawings, data and documents; 

h) a programme for scheduling the work after receipt of an order. This should include a specified period of time for the 
purchaser to review and return drawings, procurement of materials, manufacture and the required date of supply; 

i) list of utilities and quantities required. 

5.3 Documentation 

5.3.1 Drawings for purchaser�s review 

The vendor shall submit general arrangement drawings of each heater, for review. The final general 
arrangement drawings shall include the following information: 

f) refractory and insulation types, product names, thicknesses, extent of coverage and method of application;and 
service temperature ratings; 

g) types, and materials, spacing and layout of anchors for refractory and insulation; 

5.3.3 Documents for purchaser�s review 

The vendor shall also submit to the purchaser the following documents for review and comment (individual 
stages of fabrication shall not proceed until the relevant document has been reviewed and commented upon): 
e) welding, examination and test procedures for all pressure components as well as refractory anchors; 

f) installation procedures including surface preparation, curing and, dry-out and test procedures for refractories 
and insulation; 

add) refractory material data sheets complete with material composition and physical properties as defined in Section 
11; 

g) refractory thickness calculations, including temperature gradients through all refractory sections, cold face 
temperature and sources of thermal conductivities; 

add) complete and current Material Safety Data Sheets (MSDS�s) for each product and to each location where the 
product will be used 

! add) refractory material compliance data sheets; 

! add) refractory material prequalification and installation test results; 
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! add)  refractory applicator�s qualification test results; 

add) pressure profile curves or information demonstrating draught and draught loss profile throughout the heater in 
combustion air and flue gas systems based on the conditions as defined in Section 6.2 � Combustion Design 

5.4 Final records 

Within a specified timescale after completion of construction or shipment, the vendor shall furnish the 
purchaser with the following documents: 

! a) data sheets and drawings representing the as-manufactured equipment. In the event field-changes are made, as-
built drawings and data sheets shall not be provided unless specifically requested by the purchaser; 

g) refractory dry-out procedures and temperature recording charts when dry-out is included in the vendor�s scope 
of supply; 

j) all other test documents, including test reports and non-destructive examination reports. 
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11 Refractories and insulation 

11.1 General 

11.1.1 Selection of refractory and insulating materials is based at least partially on the operating temperature 
and material temperature ratingcontinuous use temperature. The following definitions are to be used for the 
temperature portion of refractory selection.  
 Rated Temperature is the temperature which a refractory product or insulation is capable of handling for short 

periods of time without suffering degradation and is most often significantly below the product melting point. a 
classification temperature for refractory materials as defined by the refractory manufacturers and ASTM 
specifications. Rated Temperature shall not be used as a continuous use operating temperature for design purposes. 
Rated temperature is most often used in reference to fibre, paper and vacuum formed materials. 

 Service Design Temperature is a classification temperature used for refractory material selection in this standard. It 
is based upon the hot face temperature plus a defined temperature margin as defined in this standard. Service 
Design temperature should be equal to or less than the refractory material�s continuous use temperature. The 
refractory lining hot face design temperature is listed on the fired heater data sheet under mechanical design 
conditions.  This temperature may be specified by the purchaser. 

 Continuous use temperature is the temperature at which the refractory will not suffer any degradation over an 
extended period of time. The term used for this temperature varies between refractory manufacturer�s and for the 
purposes of this standard generally includes other terms such as Recommended Use Limit Temperature and 
Maximum Service Temperature as it applies to castables, brick and mortar. This is not to be confused with Rated 
Temperature. 

�Hot face temperature is the temperature of the refractory surface in contact with the flue gas or heated combustion 
air (see 3.46) deleted since it is already provided in 3.46 

11.1.2 The temperature of the outside casing of the radiant and convection sections and hot ductwork as well as 
externally insulated hot air ducts shall not exceed 80 °C (175 °F) at an ambient temperature of 27 °C (80 °F) with zero 
1,12 m/s (2.5 miles per hour) wind velocity. Radiant floors and burners walls shall not exceed 90 °C (195 °F) with zero 
wind velocity.  Stack and hot flue gas duct metal temperature beyond any heat recovery section where personal 
protection is not an issue shall not exceed 205C (400F) or possibly lower as limited by the eternal surface coating.  Use a 
surface emissivity of 0.90 for black and painted steel surfaces. 

11.1.3 Walls, arches and floors shall be designed to allow for proper expansion of all parts. Where multilayer or 
multicomponent linings are used, staggered joints per layer shall be used to ensure not beno continuous joint through the 
lining. 

11.1.4 Any layer of refractory shall be suitable for a service continuous use temperature at least 165 °C (300 °F) above 
its calculated hot-face temperature. Minimum service continuous use temperature for refractories shall be 980 °C 
(1 800 °F) in the radiant and shield sections. 

11.1.5 Any layer of ceramic fibre shall be suitable for a service rated temperature at least 280 °C (500 °F) above its 
calculated hot face temperature.>>> moved from 11.4.3 

11.1.56 The floor hot surface shall be a 63 mm (2,5 in) thick layer of high-duty fireclay brick or a 75 100 mm (3 4 in) thick 
layer of Type 4 castable refractory per Table NEW1.castable of 1 370 °C (2 500 °F) service temperature and minimum 
cold crush strength of 3 450 kN/m2 (500 psi) after drying at 110 °C (230 °F). 

11.1.67 Burner blocks shall be suitable for a service continuous use temperature of at least 1 650 °C (3 000 °F). 

11.1.8 The minimum continuous use temperature for a hot-face brick layer shall be 1 430 °C (2 600 °F) on walls with 
expected flame impingement and 1 260 °C (2 300 °F) for other exposed-wall applications. Minimum service temperature 
for shielded walls shall be 1 095 °C (2 000 °F). >>>moved from 11.2.6 and modified 

11.1.79 Target walls with flame impingement on both sides or gravity walls shall be constructed of highsuper-duty fireclay 
spall-resistant brick (PCE 33 min.)of at least 1 540 °C (2 800 °F) rating with maximum reheat shrinkage change of 1% at 
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1600C (2910F). Bricks shall be laid dry or with mortared joints. Expansion joints shall be packed with ceramic fibre strips 
having a rated continuous use temperature not less than 1 540 °C (2 800 °F)1430 °C (2600 °F). 

11.1.810 Target walls with flame impingement on one side shall be of high-duty fireclay spall-resistant brick (PCE 31 ½ 
min.)or of plastic refractory with a rated temperature of at least 1 540 °C (2 800 °F). Either may be backed by a castable 
or ceramic fibre board or block.>>>plastic was removed since there is no definition or any other considerations for plastic 
type refractory in this standard  

11.1.911 Access doors shall be protected from direct radiation by a refractory system of at least the same thermal rating 
and resistance as the adjacent wall lining. 

11.1.1012  Refractory anchors are not mandatory for floor castable unless required for shipping considerations. 

11.1.1113 Maximum temperatures for anchor tips are listed in Table 11. 

Table 11 � Maximum temperatures for anchor tips 

Maximum anchor temperature 
Anchor material 

°C (°F) 

Carbon steel 455 850 

TP 304 stainless steel 760 1 400 

TP 316 stainless steel 760 1 400 

TP 309 stainless steel 815 1 500 

TP 310 stainless steel 927 1 800 

TP 330 stainless steel 1 038 1 900 

Alloy 601 (UNS N06601) 1 093 2 000 

Ceramic studs and washers > 1 093 > 2 000 

 

11.1.14 Refer to Section 16.2.1 for refractory anchor welding requirements. 

11.2 Brick and tile construction 

11.2.1 Brick construction may be used for gravity walls, floors, or as hot-face layers. Standard shaped refractory bricks 
and shapes shall be used. 

11.2.2 Radiant chamber walls of gravity construction shall not exceed 7,3 m (24 ft)  in height and shall be at least high-
duty fireclay brick. The base width shall be a minimum of 8 % of wall height. The height-to-width ratio of each wall section 
shall not exceed 5 to 1. The walls shall be self-supporting and the base shall rest on the steel wall, not on another 
refractory. The mechanical design of these walls should be checked to confirm the refractoriness-under-load limit (creep 
limit) or maximum allowable load (hot crush strength) for the brick are not exceeded. 

11.2.3 Gravity walls shall be of mortared and laid in bonded construction. The mortar shall be non-slagging, air-setting, 
chemically compatible with adjacent refractory, including at the rated temperature of the brick. 

11.2.4 Vertical expansion joints shall be provided at gravity wall ends and required intermediate locations. All expansion 
joints shall be kept open and free to move. If the joint is formed with lapped brick, no mortar shall be used, that is, it shall 
be a dry joint. 

11.2.5 Floor brick shall not be mortared. A 13 mm (0,5 in) gap for expansion shall be provided at 1,8 m (6 ft) intervals. 
This gap may be packed with fibrous refractory material of similar rated temperature, in strip, not loose bulk, form. 

11.2.6 Minimum service temperature for a hot-face brick layer shall be 1 430 °C (2 600 °F) on walls with expected flame 
impingement and 1 260 °C (2 300 °F) for other exposed-wall applications. Minimum service temperature for shielded 
walls shall be 1 095 °C (2 000 °F).>>moved to section 11.1 for consistency 
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11.2.76 All brick linings on vertical flat casing shall be tied back to and supported by the structural steel framing members. 
All tie members shall be austenitic alloy material, except that pipe supports located in the backup layer may be carbon 
steel. At least 15 % of the bricks shall be tied back. Brick lining on cylindrical casing need not be tied back if the radius of 
curvature of the casing keys the bricks. 

11.2.87 Brick linings shall be supported by metal support shelves (lintels) attached to the casing on vertical centres not to 
exceed 1,8 m (6 ft). Support shelves shall be slotted to provide for differential thermal expansion. Shelf material is defined 
by the calculated service support shelf tip temperature; carbon steel is satisfactory up to 370 °C (700 °F). 

11.2.98 Expansion joints shall be provided in both vertical and horizontal directions of the walls, at wall edges and about 
burner tiles, doors and sleeved penetrations. 

11.2.9 All brick lining systems shall include expansion joints carefully formed and of the proper width.  
Expansion joints shall be pre-designed to accommodate the calculated hot face temperature and the 
reversible thermal expansion of the brick lining at heater design conditions plus a temperature margin of 260C 
(500F). The quantity, location and design of expansion joints for brick linings shall be shown on the refractory 
drawings. 
11.3 Castable construction 

11.3.1 Hydraulic-setting castables are suitable as lining for all parts of fired heaters. Only premixed commercial 
refractory products shall be used.  Castable refractory material selection shall be based on the material Type and 
properties as defined in Table NEW1 according to the minimum Continuous Use Limit Temperature for the specified fuel 
and the hot face design temperature for the respective areas of the heater. When refractory cements or binders that 
liberate free lime such as Portland cement are used, these products shall be clearly identified to the purchaser.If a 
castable construction of 1:2:4 volumetric premix of Lumnite-haydite-vermiculite is used, the maximum service temperature 
shall not exceed 1 040 °C (1 900 °F). If used as a hot face, it shall only be used in clean fuel applications. This Single 
layer castable shall be limited to 200 150 mm (8 6 in) maximum thickness on arches and walls. 

11.3.2 For dual layer castable construction, the hot face layer shall be a minimum of 75 mm (3 in) thick for shielded an 
unshielded walls. The minimum hot face layer for floors or other areas subject to mechanical abuse shall be 100mm (4 
in.).  The minimum thickness for backup insulating castable layers shall be 50 mm (2 in.).  Each layer shall be 
independently supported when used for roof, arches or other overhead locations. Except for the floor, the anchoring 
systems shall provide independent support for each layer. 

11.3.3 Anchoring penetration shall be not less than 70 % of the individual layer being anchored for castable thickness 
greater than 50 mm (2 in). The anchor shall not be closer than 12 mm (0,5 in) to the hot face. 

11.3.4 The anchoring spacing shall be a maximum of three times the total lining thickness, but shall not exceed 300 mm 
(12 in) on a square pattern for walls, and 225 mm (9 in) on a square pattern for roofs, arches and the upper 120 degrees 
of horizontal ducts and 600 mm (24 in.) for floors when specified. Additional anchors are required around openings, arch 
bullnose areas and structural members. The anchor orientation shall be varied staggered perpendicularly to each other to 
avoid creating continuous shear planes.  End tubesheets of convection sections shall have an anchor installed at the 
center of each tube pitch. 

11.3.5 Anchors for total castable thickness up to 150 mm (6 in) shall be at least 5 mm (3/16 in) in diameter. For greater 
total castable thickness, the anchors shall be at least 6,3 mm (1/4 in) in diameter. 

11.3.6 Castable linings in header boxes, breechings and lined flue-gas ducts and stacks shall not be less than 50 mm (2 
in) thick. 

! 11.3.7 In castable linings up to 50 mm (2 in) thick, the purchaser shall specify or agree whether �V� anchor (crimped leg 
or with off-set legs and end hooks), wire mesh (10 ga. - 50 mm X 50 mm (2 in. X 2 in.)) and clip anchor or modified (bent 
wire strand) picket fence anchors on 150 mm (6 in.) centers bare carbon steel fencing or wire mesh shall be used for 
anchoring the lining.   

11.3.8 Expansion joints shall be provided around burner blocks, brick and prefired shapes. 

11.3.9 Metallic fibre may be added for reinforcement only in castables of density 880 kg/m3 (55 lb/ft3) or higher. Metallic 
fibres shall be limited to no more than 3 % mass fraction of the dry mixture. 
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11.3.10 Low iron content (maximum 1,51.0 % mass fraction) materials shall be used when the total heavy metals content 
of the fuel exceeds 100 mg/kg (100 ppm). 

11.3.11 Castables with low iron content, or heavydense-weight castables per Table NEW1, shall be used on exposed hot-
face walls if the total heavy metals content, including sodiumalkalies, within the fuel exceeds 250 mg/kg (250 ppm). . 
Heavy-weight castables shall have a minimum density of 1 800 kg/m3 (110 lb/ft3) with an Al2O3 content of not less than 
40 %. In aggregate, the Al2O3 content shall be not less than 40 % and the SiO2 content shall not exceed 35 %.>>>values 
incorporated into Table NEW1 

11.3.12 Hydraulic setting castables, in particular lightweight and medium weight insulating castables are susceptible to 
the development of alkaline hydrolysis (carbonisation) placed under high ambient temperatures and/or high humidity 
conditions shortly after placement.  

To reduce the tendency for hydraulic setting castables to develop alkaline hydrolysis, an application of an impervious 
organic coating shall be applied immediately after castable placement and reapplication of the same coating shortly after 
the 24-h hour cure. 

The use of forced drying by air movement or low temperature to remove a percentage of the mechanical water prior to the 
application of the impervious coating can further reduce the possibility of development of alkaline hydrolysis. Alkaline 
hydrolysis is a naturally occurring phenomenon such that the use of either or both of the above procedures may not 
entirely prevent the formation thereof. 

In instances where alkaline hydrolysis has occurred, the loss in refractory thickness is less than 10 mm 
(0,375 inch). When this occurs, the loose material shall be brushed off and an impervious organic coating 
applied. 
11.4 Ceramic fibre construction 

! 11.4.1 If specified or agreed by the purchaser, ceramic fibre in layered or modular construction may be used in all heater 
areas except stacks, ducts and floors. 

! 11.4.2 The purchaser shall specify any restrictions on the use refractory ceramic fibre (RCF) material. 
11.4.23 The hot face of layered ceramic-fibre blanket installations shall be a minimum of 25 mm (1 in) thick, 128 kg/m3 
(8 lb/ft3) density, needled material. Ceramic fibre board, if applied as a hot-face layer, shall not be less than 38 mm (1,5 
in) thick nor less than 240 kg/m3 (15 lb/ft3) density. Backup layer(s) of ceramic fibre blanket shall be needled material with 
a minimum density of 96 kg/m3 (6 lb/ft3). Ceramic fibre board size, if used as hot-face layer, shall be limited to maximum 
dimensions of 600 mm × 600 mm (24 in × 24 in) if temperatures of the flue gases are below 1 100 °C (2 000 °F) and 
450 mm × 450 mm (18 in × 18 in) if temperatures of the flue gases exceed 1 100 °C (2 000 °F). 

11.4.3 Any layer of ceramic fibre shall be suitable for a service temperature at least 280 °C (500 °F) above its calculated 
hot-face temperature. 

11.4.4 The hot-face layer of a ceramic fibre blanket system shall be anchored at a maximum distance of 75 mm (3 in) 
from all edges. 

11.4.5 The anchor spacing for arches shall not exceed the following rectangular pattern: 150 mm × 225 mm (6 in × 9 in) 
for 300 mm (12 in) wide blankets; 225 mm × 225 mm (9 in × 9 in) for 600 mm (24 in) wide blankets; 225 mm × 250 mm 
(9 in × 10 in) for 900 mm (36 in) wide blankets; and 225 mm × 270 mm (9 in × 10,5 in) for 1 200 mm (48 in) wide blankets. 

11.4.6 The anchor spacing for walls shall not exceed the following rectangular pattern: 150 mm × 230 mm (6 in × 9 in) 
for 300 mm (12 in) wide blankets; 225 mm × 300 mm (9 in × 12 in) for 600 mm (24 in) wide blankets; and 
270 mm × 300 mm (10,5 in × 12 in) for 1 200 mm (48 in) wide blankets. 

11.4.7 Metallic anchor parts that are not shielded by tubes shall be completely wrapped with ceramic fibre patches or be 
protected by ceramic retainer cups filled with mouldable ceramic fibre. 

11.4.8 Ceramic fibre blanket shall not be used as the hot-face layer if flue gas velocities are in excess of 12 m/s (40 ft/s). 
Wet blanket, ceramic fibre board, or ceramic fibre modules shall be used on hot-face layers with velocities greater than 
12 m/s (40 ft/s) but less than 24 m/s (80 ft/s). Hot-face refractory with velocities greater than 24 m/s (80 ft/s) shall have 
castable or external lining. 
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11.4.9 Ceramic fibre blanket shall be installed with its longest dimension in the direction of gas flow. The hot-face layer 
of blanket shall be constructed with all joints overlapped. Overlaps shall be in the direction of gas flow. Hot-face layers of 
ceramic fibre board shall be constructed with tight butt joints. 

11.4.10 Ceramic fibre blanket used in backup layers shall be installed with butt joints with at least 25 mm (1 in) 
compression on the joints. All joints in successive layers of blanket shall be staggered. 

11.4.11 Ceramic fibre blanket modules shall be installed in soldier course (with batten strips) patterns. Parquet pattern 
may be used only on arches. 

11.4.12 Module systems shall be installed so that joints at each edge are compressed to avoid gaps due to shrinkage. 

11.4.13 Modules applied in arches shall be designed so that anchorage is provided over at least 80 % of the module 
width. 

11.4.14 Anchors shall be attached to the casing before modules are installed. 

11.4.15 Anchor assembly shall be located in the module at a maximum distance of 50 mm (2 in) from the module cold 
face. 

11.4.16 Module internal hardware shall be austenitic stainless steel or nickel alloy (see Table 11). 

! 11.4.17 If ceramic fibre construction is used with fuels having a sulfur content exceeding 10 mg/kg (10 ppm), the casing 
shall have an internal protective coating, specified or agreed by the purchaser, to prevent corrosion. The protective 
coating shall be rated for 175 °C (350 °F) service temperature. 

11.4.18 A vapour barrier of austenitic stainless steel foil shall be provided if the fuel sulfur content exceeds 500 mg/kg 
(500 ppm). The vapour barrier shall be located so that the exposure temperature is at least 55 °C (100 °F) above the 
calculated acid dew point for all operating cases. Vapour-barrier edges shall be overlapped at least 175 mm (7 in); edges 
and punctures shall be sealed. 

11.4.19 Ceramic fibre systems shall not be applied for services where the total heavy metals content in the fuel exceeds 
100 mg/kg (100 ppm). 

11.4.20 Ceramic fibre shall not be used in convection sections where sootblowers, steam lances or waterwash facilities 
are initially provided. 

11.4.21 Anchors shall be installed before applying protective coating to the casing. The coating shall cover the anchors so 
that uncoated parts are above the acid dew-point temperature. 

11.5 Multicomponent lining construction 

11.5.1 Castable layers shall have a minimum thickness of 75 mm (3 in). 

11.5.2 The anchoring system shall provide retention and support for each component layer. 

11.5.3 Anchor types and installation for individual lining components shall meet the applicable requirements of 11.2, 
11.3, and 11.4. 

11.5.4 The material used in any layer shall be suitable for service temperature in accordance with 11.1.4 and 
11.4.311.1.5. 

11.5.5 Brick may be used for hot-face service or as a backup layer if the hot-face layer is brick. 

! 11.5.6 Block insulation shall be made of ceramic fibre or calcium silicate with a minimum service temperature rating of 
900 °C (1 650 °F). Block insulation shall only be used as a backup material, but shall not be used if the fuel sulfur content 
exceeds 1 % mass fraction in liquid fuel or 100 mg/kg hydrogen sulfide in gas fuel. The use of block insulation as backup 
material in floor constructions shall be subject to the approval of the purchaser. 
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! 11.5.7 If insulating block or ceramic fibre is used as backup insulation, the casing shall have a protective coating, 
specified or agreed by the purchaser, if the fuel sulfur content exceeds 10 mg/kg. The protective coating shall be rated for 
175 °C (350 °F) service temperature. 

11.5.8 If used as backup for castable, block insulation or ceramic fibre blanket shall be sealed to prevent water migration 
from the castable. 

11.5.9 The minimum density of insulating block and ceramic fibre blanket used as backup materials shall be 130 kg/m3 
(8 lb/ft3). 

11.6 Materials 

11.6.1 Materials shall conform to the following ASTM specifications or equivalent: 

a) fireclay brick, ASTM C 27; 

b) insulating firebrick, ASTM C 155; 

c) castable refractory, ASTM C 401, Class N, O, P, Q, or R; 

d) vermiculite sieve analysis, ASTM C 332, Group 1 density; 

e) insulating block (mineral slag wool, neutral pH), ASTM C 612 CL5; 

f) haydite, ASTM C 332 Group II: 

1)Poured application: Fine aggregate No. 4. 

2)Gunned application: combined fine and coarse 10 mm (3/8 in) to Fine Aggregate No. 0. 

11.6.2 The following materials shall have a composition as follows: 

a) lumnite or calcium aluminate cement: the mass fraction of Al2O3 shall be at least 35 %; 

b) refractory ceramic fibre(RCF): the mass fraction of Al2O3 shall be at least 43 % and the remainder shall be 
primarily SiO2 or ZrO2. 

c) man-made vitreous fibre (MMVF):magnesium silicate fibre � the mass frqaction of MgO shall be at least 19%; 
calcium silicate fibre � the mass fraction of CaO shall be at least 25% 

11.6.3 Cements or binders liberating free lime on hydration such as Portland cement, shall not be used with flue gases 
containing sulphur oxides or continuous use temperature greater than 425C (800F). 

 

16.2 Structural steel fabrication 

16.2.1 General requirements 

l) Attachment of refractory anchors or tiebacks to heater casing shall be by manual or stud-gun welding per AWS 
D1.1/D1.1M Section 7. If manual welding is employed, welds shall be �all around�. If stud-gun welding is employed, welds 
shall be with 100% fusion. 

16.5 Refractories and insulation 

16.5.1 Materials shall be stored in original containers, if possible, and shall be protected from moisture and from 
atmospheric and foreign contaminants. They shall be kept completely dry and at manufacturer�s recommended 
storage temperature until used. Any individual container of refractory materials that have signs of moisture 
penetration shall be discarded.  Bricks shall be free of cracks, chips, spalling or other defects.  All material shall 
be labelled with the product name, date of manufacture, batch or production number and shelf life.  Materials that 
have exceed the manufacturer�s stated shelf life shall not be used without approval from the purchaser. 
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16.5.2 Prior to installation of refractory, all steel surfaces shall be cleaned to remove dirt, grease, paint, loose rust and 
mill scale or other foreign materials.  Surface preparation shall meet SSPC SP7/NACE No. 4 standards for grit 
blasting.  If grit blasting is required, the surfaces to be lined shall be vacuum cleaned to remove all debris.  Use of 
SSPC-SP3 shall be acceptable only for limited areas such as sport grinding for repairs.  

16.5.3 Water used to install refractories shall be of potable quality and the temperature shall be between 7 °C (45 °F) 
and 32 °C (90 °F), unless the refractory manufacturer specifies otherwise. 

16.5.3 All materials, installation procedures and as defined material and applicator prequalification and quality control 
requirements shall be approved by the purchaser before the work begins. 

16.5.4 All material shall be prepared and installed in accordance with the manufacturer�s recommendations. 

16.5.5 The mortar joints in firebrick construction shall be as thin as possible. In applying the mortar, the brick shall be 
dipped or troweled on two edges. Expansion joints shall be mortar-free. Brick should be placed against the mating 
surface and tapped gently to ensure uniform joints no more than 1,5 mm (1/16 in) wide. All expansion joints shall 
be made with fiber blanket. 

16.5.6 Anchors with circular bases shall be welded all around. Other anchors shall be welded to casing along both sides. 

16.5.7 Chain-link fence anchoring shall be pulled out and held in place after welding, and prior to castable 
application, to ensure proper position in the castable layer. 
16.5.8 The following shall apply to castables. 

-The surfaces to which castable is applied shall be kept above 7 °C (45 °F) and below 38 °C (100 °F) during installation 
and curing. 

- For pneumatic application, the lining shall be applied in horizontal strips working upward from the bottom. It shall 
proceed continuously to the required thickness in a given area. If the installation is interrupted, the lining shall be cut 
back immediately to the casing surface. This cut shall be full depth at a 90° angle to the casing surface. 

- Rebound materials shall not be re-used in applying linings. 

- Scoring of the castable surfaces shall be in accordance with the vendor�s specifications. 

- Each layer of the castable shall be properly cured after installation. A resin-based membrane curing compound shall 
be applied immediately after the initial set, with a curing period of at least 24 h. Shop-installed castable shall not be 
handled or tested for 72 h after installation. 

16.5.7 Installation of refractory 

16.5.7.1General 

a. Installation of hydraulic setting refractory may be done by gunning, casting or ramming.  The vendor shall provide 
written installation procedures for review including surface preparation, curing and heat drying if applicable for all 
refractory before start of work.  

 
b. Linings of each type of refractory shall be installed to the full thickness in a single application before proceeding to 

the next area. 
 
c. The water use to mix the refractory shall be of potable quality, with chloride content less than 200 ppm or lower if 

specified by the refractory material manufacturer. 
 
d. Water used to install refractories shall be of potable quality and the temperature shall be between 7 °C (45 °F) 

and 32 °C (90 °F), unless otherwise specified by the refractory manufacturer. 
 
e. The surfaces to which castable is applied shall be kept above 10 °C (50 °F) and below 35 °C (95 °F) during 

installation and curing. 
 
f. All pipe sleeves and protrusions into the linings shall be wrapped with ceramic fiber paper and protected from 

water absorption.  
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g. All refractory shall be placed within the manufacturers time limits.  Material not used within the specified time shall 

be discarded. 
 
h. Packaged refractory material that exhibits lumps that cannot be easily broken by hand or can be attributed to 

water penetration shall be discarded 
 
i. Where applicable, the vendor�s procedures shall include method for prevention of water absorption in back-up 

layers of block or fiber insulation from the castable. 
 
j. All tools and mixing equipment shall be kept clean and free from any contaminating installation. 
 
k. Stainless steel and carbon steel tools and equipment shall be used in contact the refractory.  Aluminum tools or 

equipment shall not be used. 
 
l. When the refractory lining thickness exceeds 75mm (3 in.) it shall be scored on the hot face per the refractory 

manufacture�s instructions. 
 
m. Cracks in excess of 3,2 mm (1/8 in.) width (at the surface), which penetrate more than 50% through the thickness 

of the layer shall be repaired. 
 
n. When any castable refractory that contains Portland cement is used, all tools and equipment shall be thoughly 

cleaned to avoid contamination of alumina cement based castabkle refractory. 
 
16.5.7.2  Application of cast linings 

 
a. Preparation for Placement 

 
1. Surfaces to be lined shall be inspected before the installation of forms.  Obstructions which will interfere with 

the satisfactory and continuous casting of the refractory lining shall be avoided. 
 
2. Forms shall be non-absorptive, rigidly constructed and sufficiently tight to prevent leakage.  The surface in 

contact with the lining shall be uniform, reasonably smooth, and suitably coated to prevent bonding of the 
refractory.  Forms shall be designed to facilitate their removal without damage to the refractory. 

 
3. All openings shall be closed by means of hardwood or sheet metal plugs, slightly tapered and long enough to 

extend through the lining.  These plugs shall be coated with grease, snugly fitted into openings and not 
disturbed until refractory has set. 

 
b. Mixing 

 
1. Mixing of refractory shall be done in a paddle type mixer. 
 
2. Only full bags of material shall be placed in the mixer.  Fractional parts of bags shall not be used. 
 
3. When fiber reinforcement is required, all fibers shall be added during the dry mixing period through a wire 

mesh screen with approximately 13 mm (1/2 in.) openings to obtain proper fiber dispersion. 
 
4. The quantity of refractory mixed at one time shall not be greater than can be placed before initial set or 

20 minutes after addition of water, whichever is shorter.  Materials not use within the recommended time shall 
be discarded.  Separation of aggregate and cement prior to placement shall be prevented. 

 
5. Amount of water used shall be the minimum amount, not to exceed the manufacturer�s specified amount, that 

will give the proper consistency for placement.  The approved mixing procedures shall specify control 
measures for proper addition of water. 

 
6. Each batch shall be placed so the full thickness of the lining is reached, using temporary weirs, if necessary.  

In no event will another layer of the same castable be added to complete the lining thickness. 
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7. Poured refractory shall be placed in a manner which will minimize material segregation.  Free fall shall be 
limited to a maximum of 1,8 m (6 ft.). 

 
8. Refractory shall be compacted by spading or vibrating.  Compacting shall be done with care so as to avoid 

segregation of materials or damage to previously placed portions of the lining. 
 
9. Work shall not be terminated until a panel or section is complete.  When work is resumed, the contact surface 

of the lining in place shall be thoroughly cleaned, roughened and wetted.  Any excess water shall be 
removed. 

 
10. Curing shall be carried out whenever pour is complete or interrupted. 
 

 
16.5.7.3  Application of pneumatically placed linings 
 
a. Premixing 
 

1. Premixing of refractory shall be done in paddle type mixers. 
 
2. Only full bags of material shall be put into the mixer.  Fractional parts of bags shall not be used. 
 
3. After dry mixing, the material shall be predampened by adding clean water.  Within the manufacturer's specified 

range, the amount of water used for predampening should be the minimum possible without incurring plugging of 
the material hose. 

 
4. The refractory shall be used within 15 minutes of adding predampening water. 

 
b. Placement 
 

1. Only qualified personnel thoroughly familiar and experienced with pneumatic application of refractory lining shall 
be employed for this work. 

 
2. The compressed air and water shall be supplied at a steady pressure. 
 
3. The wet mixed refractory shall be applied with optimum water content.  Optimum water content gives an 

intermediate consistency to the refractory characterized by the absence of both dusting and lumping and the 
presence of a short-lived water sheen. 

 
4. Minimum air pressure consistent with adequate compaction of the refractory shall be used.  Manufacturer�s 

recommendation shall be requested. 
 
5. All openings shall be closed by means of hardwood or sheet metal plugs, slightly tapered and long enough to 

extend through the final thickness of the lining.  These plugs shall be coated with grease, snugly fitted into 
openings, and not disturbed until the refractory has set. 

 
6. On vertical walls, the lining shall be placed in completed perimeter bands starting at the bottom and working 

upwards.  The full final thickness shall be developed in each band before proceeding to the next one.  The top of 
each completed band shall be cut at 90 degrees to the wall prior to installing the adjacent above band. 

 
7. Joining surface of cold joints shall be cleaned, roughened and prewet before placement of adjacent refractory.  
 
8. No rebound material shall be allowed to accumulated on the completed lining. 
 
9. Under no circumstances shall rebound material be reused. 

 
c. Interruption of application 
 

1. When application is interrupted for more than one hour before completion of the entire lining, any refractory 
applied less than the full specified thickness shall be removed by cutting back to the shell or backup lining at right 
angle to the surface with a trowel.  All material above the cut shall be discarded. 
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2. Wet cure during the interruption. 
 
3. Immediately prior to resuming application, the exposed surface of the refractory lining to which a bond must be 

made shall be thoroughly wetted. 
 
16.5.7.4  Finishing of hydraulic-setting castables 
 

a. The lining shall be screeded to the final required thickness directly after placement and any deficiencies shall be 
immediately corrected.  Smoothing, floating, or troweling are not permitted.  Thickness variation of final lining is 
limited to minus 6 mm. (1/4 in.), plus 6 mm. (1/4 in.).  

 
16.5.7.5  Curing 
 

a. Hydraulic setting castables shall be allowed to cure at no less than 10C (50F) or more than 35C (95F) for a 
minimum 24 hours before initial heating of the lining.  

 
b. Prior to exposing any green refractory to freezing conditions, the fully lined piece of equipment or component shall 

be allowed to cure at no less than 10C (50F) for a minimum of 72 hours.  
 
c. If forms were used in the placement method, the forms shall remain in place for 24 hours prior to removal with the 

exception of any backup layer in a two component castable construction which should be a minimum 18 hours. 
 
d. Lined equipment shall not be removed during the curing period. 
 
e. Curing of hydraulic setting castables shall be performed in accordance with one of the following methods: 
 

1. Water mist 
a. Exposed surfaces of the lining shall be wetted with a fine mist.  No part of the lining shall be 

allowed to dry more than 4 hours before the application of the first water mist. 
 
b. Water mist application shall be repeated at approximately 2 hour intervals. 
 
c. All surface shall remain damp to the touch throughout the curing period. 
 
d. Wetting of the lining shall not disturb the lining or wash out the cement. 
 

2. Surface cover 
 
a. Exposed surfaces shall be covered with polyethylene sheeting.  The sheeting should ideally be 

raised 25 to 50 mm (1 to 2 in.) of the surface with all opening closed a tightly as possible. 
 
b. For components of reasonable size such as ducts, breeching, stack sections etc., which can be 

completely sealed, close in the ends with polyethylene sheeting or other means of sealing. 
 

3. Membrane curing compound 
 
a. Curing compound shall be a solution of resin and hydrocarbon base, membrane-forming 

(nonreactive) and in accordance with ASTM C309. 
 
b. Curing compound shall be nonflammable and nontoxic and shall contain a factory-added 

pigment that allows for complete visual inspection of coverage. 
 
c. Curing compound shall be applied to all exposed surfaces before the surface is dry to the touch.  

No part of the lining shall be allowed to dry more than 4 hours before the application of curing 
compound. 

 
d. A one-coat application of curing compound of sufficient thickness to completely cover the 

exposed surfaces of the lining shall be used. 
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16.5.7.6  Repairs 
 
All defective refractory shall be repaired in the following manner: 
 

a. Defective areas shall be cut out perpendicular to the steel shell.  The sound refractory, next to the cut-out 
area, shall be thoroughly wetted with water prior to the application of new refractory. 

 
b. The minimum area to be repaired shall include at least one anchor completely exposed.  If not, a new anchor 

shall be installed.  The recommended area to be removed forrepair shall be sufficient to expose three non-
continuous.  The minimum area for repair shall be at least 305 mm x 305 mm (12 x 12 in).  All damaged 
anchors shall be replaced. 

 
c. All repairs shall be made in the same manner as the original application, including curing and dryout.  All 

proposed repair methods shall be approved by the Purchaser prior to making the actual repair. 
 

d. If a surface defect area (exclusive of cracks) is less than 100 mm (4 in.) in diameter and up to 25 mm ( 1 in.) 
deep, a small patch of phosphate bonded trowel mix may be installed, at the discretion of the purchaser.  The 
patch will not require a dryout cycle. 

 
e. All major repairs will be accomplished before dryout. 

 
16.5.7.7  Dryout 
 

The vendor shall furnish recommended dryout procedures which are acceptable to the manufacturer of the installed 
refractory.  Alternate procedures, if proposed by purchaser, shall be reviewed by the vendor and final agreement 
reached. 

 
16.5.7.8  Application of brick linings 
 
a. Insulating firebrick (IFB) 
 

1. All insulating firebrick walls shall be installed straight and level. 
 
2. Dipped mortar joints shall be used unless otherwise specified.  Joints shall not exceed 3,2mm (1/16 in.) 
 
3. Mortar shall be mixed in accordance with manufacturers instructions, and the quantity used shall comply with the 

manufacturers recommendations. No mortar shall be used in expansion joints. 
 
4. All brick lining systems shall include expansion joints carefully formed and at the proper width. Expansion joints 

shall be pre designed to accommodate the process temperatures and the reversible thermal expansion of the 
brick lining. 

 
5. All expansion joints in IFB walls and joints around burner blocks shall be made with ceramic fiber blanket as 

specified on the JTT Furnace Lining Schedule and in widths suitable for the thickness of the refractory. 
 
6. Hook anchors shall be inserted carefully into IFB such that the brick is not cracked or damaged. 
 
7. If block insulation is used as a back up layer, IFB shall be pressed tightly against the block thereby minimizing air 

gaps and voids. 
 
8. All block insulation used behind the brick linings must have their joints tight and filled with insulating cement 

having the appropriate thermal equivalent of the insulation. 
 
9. When brick anchors and/or tiebacks are used, all areas between the block insulation must be fully filled with the 

appropriate mineral wool cement suitable for the design temperature of the furnace. 
 
10. If insulating castable is used as a back up layer, a small space shall be provided around the hook anchor with the 

castable layer such that the IFB wall is free to expand and contract slightly. 
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11. For installations with castable used as a back up insulation, no more than six brick courses shall be laid before 
castable is installed into the space between brick and casing. 

 
 

17 Inspection, examination and testing 

17.4 Examination of other components 

17.4.1 Examination of heater steelwork shall be in accordance with the structural design code. 

17.4.2 Refractory linings shall be examined throughout for thickness variations during application. Thickness tolerance is 
limited to a range of minus 6 mm (1/  4 in) to plus 6 mm (1/4 in) per layer.   

17.4.3 Refractory linings shall be inspected after curing and drying for size and distribution of cracking.and for cracks 
after curing. Thickness tolerance is limited to a range of minus 6 mm (1/4 in) to plus 13 mm (1/2 in). Cracks which are 3 mm 
(1/8 in) or greater in width, 300 mm (12 in) long and penetrate more than 50 % of the castable thickness shall be repaired. 
Any crack wider than 6 mm (1/  4 in) shall be repaired.   

17.4.4 Repairs shall be in accordance with section 16.5.7.6.made by chipping out the unsound refractory to the backup 
layer interface or casing and exposing a minimum of three tieback anchors or to the sound metal, making a joint between 
sound refractory that is sloped of a minimum 25 mm (1 in) to the base metal (dove-tail construction) and then gunning, 
casting or hand-packing the area to be repaired. 

17.5 Testing 

17.5.2 Refractory testing 

17.5.2.1 General 
The main elements of quality control for installation of refractory linings, in addition to following proper installation 
practices and procedures, are tests to ensure refractory material quality from point of supply, that installers and 
applicators are qualified and that the products have been installed properly and with properties as intended.  The 
extent of refractory testing should be specified by the purchaser or shall as a minimum be mutually agreed 
between the purchaser and vendor prior to award.  The minimum testing requirements include: 

• Prequalification of commercial refractory at the manufacturer�s facility,  
• Obtaining samples during installation which would be available for material testing if required and  
• Post installation visual and hammer testing. 

The recommended details for material qualification, installer qualifications, and installation testing of refractory 
materials installed by casting or gunning if specified are as defined in 17.5.2.2, 17.5.2.3 and 17.5.2.4 
respectively. 
 
The minimum compliance requirements for castable refractory material prequalification and installation testing 
shall be those values listed in Table NEW1. 

 
 

! 17.5.2.2 Material prequalification 
 All materials to be installed by casting or gunning should be tested to confirm compliance with specified physical 

property requirements.  When specified by the purchaser, castable refractory shall be sample tested at the 
manufacturer�s facility in accordance with the following: 

 
 a. One sample shall be taken for each refractory batch [4550 kg (10 000 lb.), max.]. 
 
 b. Each sample shall include three - 50 mm x 50 mm x 50 mm (2 in x 2 in x 2 in) specimens for dry installed 

density and compressive strength tests and one - 50 mm x 50 mm x 230 mm (2 in x 2 in x 9 in) specimen for 
permanent linear change test. 

 
 c. Test specimens shall be prepared in accordance with the manufacturer�s recommended procedures and 

applicable ASTM practices and procedures. 
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 d. Testing of specimens shall be in accordance with the applicable ASTM standards:  Density � ASTM C134; 
Compressive Strength � ASTM C133; Permanent Linear Change � ASTM C113.  Refer to Table XXX for test 
specimen preparation temperatures.   

 
 e. No specimen test results shall more than 10 percent of the approved compliance requirements (minimum / 

maximum) for density and cold crush and 120% of the maximum permanent linear change..  Any batch for 
which the average test results are unacceptable shall be retested.  New test specimens shall be taken from 
the same container from which the original specimens were obtained.  If the retest yields unsatisfactory 
results, the entire batch shall be rejected. 

 
 f. All testing shall be documented.  Test reports shall include a brief description of the method of specimen 

preparation including cure and firing sequences, the actual test procedure and results and identification 
symbols to match the test results to the specimens and batches.  All test reports shall be made available to 
purchaser�s inspector for review.  All test reports shall be submitted to purchaser for record.  

 
! 17.5.2.3  Installer prequalification 
 When specified, before installation and using the materials and equipment defined in the installation procedures, it 

shall be demonstrated or otherwise confirmed that the installation personnel are experienced and capable of 
meeting the specified quality standards.  

 
 Applicator�s Qualification Test for pneumatic installation of castables (gunning). 
 
 a. All personnel shall be qualified before being allowed to gun refractory � both gun operator and nozzleman.  

This will be accomplished by the preparation of a test mock-up which is inclined at a 450 angle and gunned 
in an overhead fashion with the gun located below the panel in accord with the approved procedures for the 
actual installation.  The test panel shall be 914 mm x 914 mm x 103 mm (36 in. x 36 in. x 4 in.) deep 
including anchors to match the actual installation.   

 
 b. The test panel shall be sealed with a parting agent to prevent castable bonding. Anchors identical to those 

used in the installation work shall be attached to the panel inside surface with bolts through to the backside.  
The panel shall be designed to allow for removal of the sides and back without damaging the interior-
gunnited lining. 

 
 c. For the test setup, the gun machine and operator shall be situated so that the gun operator cannot observe 

the nozzleman.  A minimum of 45 m (150 feet) of gunite hose shall be used for the test panel gunning.  
 
 d. The purchaser�s inspector shall observe and note coordination of work between the nozzleman and the gun 

operator. 
 
 e. Each prequalifying nozzleman shall gun one panel for each material being installed.  After completing the 

panel, the nozzleman shall cut back the surface as required in accordance with the installation specification 
and apply curing compound. The gunning, cutback and application of curing compound shall be observed 
for technique by the purchaser�s inspector. 

 
 d. The panel shall be allowed to cure for a minimum 24 hours following which it will be stripped for 

examination. 
 
 e. The purchaser�s inspector shall determine bulk green density by weighing the unbroken sample and dividing 

the weight byt the volume determined for the sample dimensions. 
 
 f. After determining the bulk green density, the panels shall be broken apart by hammer blows to check for 

voids, laminations, entrapped rebound, poor consolidation  and shadowed anchors. 
 
 g. The purchaser�s inspector shall determine the acceptability of the nozzleman and crew based on the 

observations of technique, checking the broken panel for defects and the panel bulk green density.  The 
panel green bulk density shall be equal to the approved compliance data +/- 5 percent based on gunned 
properties.  

 
 
! 17.5.2.4  Installation testing 
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 When specified, castable refractory shall be sample tested during installation in accordance with the following: 
 
 a. One sample shall be taken for each refractory type and each refractory installer per 8 hour shift.  The 

samples shall be taken and prepared in a manner that simulates the actual installation process. Samples 
shall be the full installed thickness.  Samples may be formed directly into specimens from the refractory 
being installed or made into larger forms and cut into required specimen dimensaions after curing.  For 
gunned applications, the sample form shall be no smaller than 305 mm x 305 mm x 100 mm (12 in. x 12 in. 
x 4 in.). 

 
 b. Samples shall be cured using the same procedures and temperature conditions as the production lining. 
 
 c. At least three test specimens shall be taken from each sample and subjected to tests for dry installed density 

and compressive strength.  Minimum test specimens shall include three - 50 mm x 50 mm x 50 mm (2 in 
x 2 in x 2 in). 

 
 d. Testing of specimens shall be in accordance with the applicable ASTM standards:  Density � ASTM C134; 

Compressive Strength � ASTM C133. Refer to Table XXX for test specimen preparation temperatures. 
 
 e. No specimen test results shall more than 10 percent of the approved compliance requirements (minimum / 

maximum) for density and cold crush.  Any sample period (refractory type/refractory installer/shift) which 
yields test results that are unacceptable shall be retested.  Additional test coupons shall be cut from the 
nonconforming sample and retested for the nonconforming physical properties.  If the test passes,the 
required criteria, the lining shall be deemed acceptable. If the sample fails, the area from which the 
questionable sample represents shall be determined.  Retesting requires that a core sample be taken from 
the actual installed lining and submitted for retesting for the nonconforming properties.  If the results are 
outside the limits of acceptability, the lining section shall be removed and replaced.  Installation of new 
material shall also be subject to production testing.  

 
 f. Purchaser�s inspector may request additional production samples and testing.  Vendor shall supply and 

make available suitable forms for such production sampling.  
 
 e. All testing shall be documented.  Test reports shall be traceable to not only the actual test specimens but to 

the actual installation from which the sample was taken.  Test reports shall note refractory type, batch or 
production numbers, sample location, installer, and date and time of installation including actual sample.  
Ambient temperature, water temperature and water content of refractory mix shall be reported.  All test 
reports shall be submitted to purchaser�s inspector for review.  All test reports shall be submitted to 
purchaser for record and included as part of the equipment data books / quality control record. 

 
 
17.5.2.5   Post Installation Tests 
 

a. Installed castable refractory, except for ultralightwight insulating castable (Type 1) shall undergo 
hammer tests to check for voids or inclusions. For dual-layer linings, the hammer tests shall be 
conducted on each layer, after curing. Linings shall be struck with a 225 g (1/2 lb) machinist�s ball 
peen hammer over the entire surface, using a grid pattern approximating the following: 

• for vertical walls, overhead 120 degrees of horizontal ducts and arch areas, 450 mm (18 in) 
centers; 

• for floor areas, 900 mm (36 in) centers. 
 

b. Spots ringing hollow or if voids or dry inclusions exceed 25 mm (1 in.), the area shall be removed 
(the full depth of the refractory layer) and repaired in accordance with section16.5.8.6. 

c. In addition to hammer testing, the lining shall be checked for cracking after curing and dryout.  Random 
cracks up to 1/16 in. wide, 1 to 1-1/2 in. deep, and space about one foot apart are normal.  Areas containing 
cracks wider than 1/8 in. are considered defective and shall be repaired. 

 
17.5.2.6 All refractory testing shall be the responsibility of the Vendor.  The Vendor shall furnish all materials and 

services necessary for preparing the refractory test samples/specimens and performing the actual tests. 
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17.5.2 Installed castable linings shall undergo hammer tests to check for voids within the refractory 
material. For dual-layer linings, the hammer tests shall be conducted on each layer, after curing. Linings shall 
be struck with a 450 g (1 lb) machinist�s ball peen hammer over the entire surface, using a grid pattern 
approximating the following: 

a) for arch areas, 600 mm (24 in) centres; 

b) for sidewall and floor areas, 900 mm (36 in) centres. 
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Annex A  
(informative) 

 
Purchaser�s checklist 

This checklist may be used to indicate the purchaser�s specific requirements where this International Standard 
provides a choice or specifies that a decision shall be made. These items are indicated by a bullet (!!!!) in this 
International Standard. 

Subclause Item Requirement

11.3.7 Anchor fixing method ������

11.4.1 Ceramic fibre acceptable? Yes No 

11.4.2 Restrictions on use of refractory ceramic fibre (RCF)? Yes No 

11.5.6 block insulation as backup material? Yes No 

11.4.17 Protective coating of casing, ceramic fibre construction ������

11.5.7 Protective coating of casing, back-up insulation ������

17.5.2.2 Material prequalification tests? Yes No 

17.5.2.3 Installer prequalification tests? Yes No 

17.5.2.4 Installation product tests? Yes No 
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ANNEX F Air Preheat 

F.3.4 Refractory design and setting losses 

The addition of ducts, fans, and an air preheater significantly increase the surface area from which heat losses 
will occur. The heat losses through these surfaces should be modeled to confirm that the combined heater and 
APH system setting losses will be within acceptable limits. To reflect the additional heat losses of the APH 
system, it is common practice to increase the heater�s setting losses by 0,50 % to 1,00 %, to a total of 2,00 % 
to 2,50 % of design heat release. Heaters with balanced draught APH systems, and a design basis of an 82 °C 
(180 °F) casing with 27 °C (80 °F) and 0 km/h1,12 m/s (and 0 2.5 mph) ambient conditions, will typically yield 
slightly less than 2,5% setting losses.  
Because most ducts have design velocities in excess of ceramic fibre�s maximum use velocity, the most 
common duct refractory is low density insulating castable. If needed, refractory weight savings can be realized 
through the use of ceramic fibre blanket or board. However, ceramic fibre blanket will require a protective 
shrouding whenever the air/gas velocity exceeds ceramic fibre blanket�s maximum design velocity of 12 m/s 
(40 ft/s).  
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