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Linco brandnames of unshaped alumina  products Groups 

                    LICOFEST Refractory / insulating castables 
                    LINAX Service castables 
                    LICO-CLAY Plastic mouldables 
                    LICOTON Ramming mixes & mortars 
                    LICODRY Free cement castables 
                    LICOBLOCK Special shapes and blocks 
                    MILBLOCK Precast shapes 
                    LB-FILL / LB-STICK Mastics / adhesives 
  
Baxo brandnames of unshaped alumina  products  

                    BAXOCAST Refractory / insulating castables 
                    BAXOPLAST Plastic casting mix 
                    BAXOVIBRO Thixotropic castables LCC-ULC-FCC 
                    BAXOGUN Castables for gunning applications 
                    BAXOFIX / BAXOMIX Service castables 
                    BAXOPOL Ready mortars 
                    BAXOCOAT Refractory coatings 
  
Sirma brandnames of unshaped alumina  products  
                   SIRCAST Regular dense castables 
                   SIRBRATE Low cement castables 
                    SIRCHEM Free cement castables  
                    SIRFLOW Self flowing castables  
                    PROMOCAST / SIRGUN Medium cement castables 
                    PROMOGUN Gunning castables 
                    PROGUN Low cement gunning mixes 
                    SIRPLAST Plastic mouldables 
                    SIRCOL  Wet mortars  
                    SIRQUICK Fast service castables 
  
Kero brandnames of unshaped aluminous and basic products  
                    COLLIGAN Ready mortars 
                    KEROCAST Refractory castables 
                    KEROVIB Thixotropic castables LCC-ULC-FCC 
                    KEROMIX Service castables 
                    KEROGUN Gunning mixes 
                    KEROPATCH Patching mixes 
                    KERORAM Ramming mixes 
                   KEROFLOW Self flowing mixes 
                    KEROLAN Refractory dry mixes 
                   KEROCRETE Shotcrete mixes 
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Maref & Sirma brandnames of shaped refractories products 

                MAREF   + production code Fireclay and high-alumina bricks and shapes 
 

                ISOM /ALPOR    + production code Lightweight bricks and shapes 
 

                KERA      + production code Specialties for ceramic and brick industries 
 

                MAREF   + production code Specialties for glass industries 
 

                SIRMA     95AT and  99AT 
  

High Alumina bricks for severe operations 
 

 CARBO + production code Silicon carbide bricks and shapes 

Tecref brandnames of precast refractories 
 

                REF-AL Refractories based on alumina 
 

                REF-MUL Refractories based on mullite 
 

                REF-COR Refractories based on corundum 
 

                REF-ZIRCON 
 

Refractories based on zircon 
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inco Baxo produces insulat ing & refractory monolithic products containing alumina, 
alumina si l icates,  s i l icon carbide, zi rcon, magnesite,  chromite and graphitic mater ia ls 
which are instal led by casting,  pouring,  rodding, v ibrat ing, slap trowell ing , gunning, 

veneering, ramming shotcreting and other  applicat ions.  They  meet a variety of industria l  
needs.  
 
Each of these products is  a mixture of high quality raw materials which are careful ly selected,  
blended and packed.  
 
One policy of L inco Baxo which is  st rict ly applied to the production of these monolithics  is  
that no aggregates  made from exhausted or polluted mater ials  are   included in any 
formulation.  
 
L inco Baxo special ists  continual ly monitor  these monolithics  during their  manufacture as well  
as the properties  of the f inished products  in order to be certain that they are of uniform 
excellent quality .  
 
Our product development programme is permanently on -going to ensure Linco Baxo continues 
to deliver improved and new formulated products.  When necessary ,  monolithics  are designed 
to meet individual customer requirements or specif ications.  
 
These instructions and recommendations are offered as  a guide in order to obtain the 
maximum benefits from these f ine products.  
 
I t  is  recommended to  fol low this proce dure to the maximum extent and ask for refractory         
supplier’s written approval before any deviations from the suggested one is carr ied out .  
 
L inco Baxo are always avai lable for  consultation should this guide not be suff icient for a 
specif ic applicat ion and are avai lable on request to provide complete site ass istance.  
 
Classification of monolithics  
 
All  monolithics are a blend of aggregates and binders.   
 
It  is  general pract ice  to classify  according to the binders,  status a t  delivery and type of 
instal lat ion.  
 
Monolithic  type            Linco Baxo brand names  
 

   Regular dense & insulating  castables             Licofest ,  Baxocast ,  Sircast ,  Kerocast   
 
   P lastic casting mix          Baxoplast   
 
   LC & UL  castables                                       Licofest PL, Baxovibro, Sirbrate,  
                                                              Promocast,  Kerovib,  Sirquick  
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   FC castables                                              Licodry, Kerocrete   
 
   Gunning castables                          L icofest TR & G, Baxogun ,  Sirgun,       

                                                                 Promogun, Progun, Kerogun  
 
Service & repair  castables              Linax,  Baxofix,  Baxomix,  Keromix  
 
Mouldables                                   Lico-clay,  Sirplast,   
 
Ramming mixes                             Licoton, Keroram  
 
Dry mixes                                      Kerolan  
 
Dry & wet mortars                     Licoton mortars,  Baxopol,  Sircol,  Coll igan,    
 Blakpol   
 
Coatings ,  glues,  mast ics   
 Fi l lers ,  patches                                        Baxocoat  ,   LB Mul  Coat  ,  LB-Fi l l  ,  LB DUR 
 coating,  Licoglue,  KWG 311, Keropatch  
 
 
Classif ication of castables  
 
L inco Baxo class if ies i ts c astables also according to their density after oven  drying at 105 °C.,  
as determined on cast  specimens.  
This c lass if ication is  tai lored to the purpose of  this publicat ions,  which is  meant to provide 
guidance mainly in Petrochem and Reheat appl ications .  
 
 
Castables type  Density after oven drying at 105 °C.  
 
Very Light Weight  less than 720 kg/m 3  
L ight Weight   720-1200 kg/m 3  
Medium Weight   1200-1840 kg/m 3  
Dense more than 1840 kg/m 3  
 
 
In order to simplify the reader when consulting this handbook ,  products are referred to the 
monolithic  type and not to the br andname unless there are tai lored guidelines for a Linco 
Baxo product.  
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R E F R A C T O R Y  C A S T A B L E S  -  B A S I C  T I P S   

L i n c o  B a x o  b r a n d s  o f  C A S T A B L E S  a r e  l i s t e d  i n  s e c t i o n  1 . 0  

Introductory remark  
CASTABLES  are supplied dry in paper bags. To prevent segregation, which for example could take place during transport, 
the full contents of the bag should be poured into the mixer . If only a portion of the bag is required, it must be pre-mixed 
dry prior to use. 
 
All equipment &  tools  that will come into contact with castables must be clean. Old brickwork must be free of all loose 
particles and thoroughly wet. Shuttering must be impervious to moisture and painted or covered with a separating media 
such as crude oil, wax etc., before installation of the material. 
 
Mixer and mixing water 
Mixing by hand will not give a consistent mixture. Suitable mixing machines are preferable. Dense refractory castables 
should be mixed in paddle mixer, whereas lightweight or insulating castables should be mixed in a barrel  mixer. 
 
Use only clean tap water for mixing. Hard or soft water as well as water containing sulphates decrease the strength and 
lead to structural faults. 
 
Mixing, conveying, applying 
The water additions shown on data sheets are guidelines for castables to attain the desired consistency. The mixing time 
should not less than 1 minute or not more than 4 minutes. 
 
Refractory castables must not segregate during conveying or application. During the erection of walls for example, a 
chute or pipe which ends just above the working area, should be installed. Anchors, shuttering and other working faces 
must not become incrusted. 
 
Ball-in-hand-test 
The correct consistency after water addition for vibration can be tested on site as follows: 
Make a ball about the size of a snowball from the prepared mix, throw it up about 30 cm. and catch it. If the ball keeps its 
shape, the consistency is good. If it falls apart, the mix is too dry. 
If the mix is too wet it will flow through the open fingers. The rule is too much water impairs the properties of the 
refractory castable. Each data sheet indicates the water addition suggested for the different application but sometimes 
must be adjusted on site.  
 
Compacting 
Dense castables should be compacted immediately after mixing. A good compaction is possible in using a vibrating poker 
up to 50 mm. in diameter depending on the thickness of the wall. The vibrator must be inserted quickly into the floor and 
then withdrawn slowly across and out of the refractory castable. Anchors and shuttering should not come into contact 
with the vibrator. Prevent interruptions while work is in progress. Refractory castable that shows signs of setting cannot 
be compacted any further. 
 
Lightweight and medium weight  castables and insulating castables should achieve a plastic consistency for placement 
and subsequently poured. Only medium weight castables can be slightly rodded . 
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Subsequent treatment 
During the setting process a portion of the water used in mixing is consumed by dense castables and premature loss of 
moisture should be prevented. Suitable precautions are: smoothed off surfaces should be covered with plastic sheets, 
wet bags or similar material. The castable should be kept covered at least 24 hours to attain the greatest possible 
strength. The same applies to sections or surfaces from which the shuttering is removed. 
Setting time might be adjusted by addition of tailored setting reagents or retarder reagents supplied by Linco Baxo. 
Do not use any reagents which is not provided by Linco Baxo  as this will impair the features and the performance of 
the castables   
 
For special attention 
At temperatures less than 5° C. the setting time will change. Frost can damage the fresh castable. The general rule is: 
The temperature of wet castable must be raised to at least 5° C. Do not use frozen material. Install the refractory castable 
as quickly as possible - if possible - in pre-heated shuttering and compact straight away. Immediately after smoothing, 
covering of the castable with styropor and/or other insulating blankets will prevent excessive heat loss. 
 
Heating up 
Please refer to section 7.1 
 
We can  provide heating-up schedule  for specific applications, particularly for new installations. 
Nevertheless we point out that he dry-out of castables involves more than a  heating schedule . Issues such as burner 
size and placement, exhaust location, air volume, air velocity, thermocouple placement, etc must be properly 
addressed. Linco Baxo recommends consulting an experienced dry-out company with proper equipment. 
 
 
Table for water addition 
See data-sheets of the related castable which are a guideline subject to adjustment on site upon consultation with a Linco 
Baxo specialist. 
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M O U L D A B L E S  –  B A S I C  T I P S   

L i n c o  B a x o  b r a n d s  o f  M O U L D A B L E S  a r e  l i s t e d  i n  s e c t i o n  1 . 0  

 
 
Introductory remark  
MOULDABLES are supplied  in cartons containing plastic material, wrapped in plastic sheet. MOULDABLES can be installed 
with or without shuttering. 
 
Preparation 
Unpack the MOULDABLES . Ensue that the working surface is clean. Whole pieces broken or cut off, can be installed to 
achieve the desired wall thickness. 
If the material is dry before use, the plasticity can be restored as follows: 
Unpack the carton, place the draft on plastic sheets and cover with wet bags. Normally the moisture content of the 
atmosphere is sufficient to restore the necessary plasticity. 
 
Subsequent treatment 
After completion the MOULDABLES is shaped by cutting to the required dimensions. The surface is then roughened by a 
nailed board. To improve drying holes are made by a steel pin at a distance of 150 to 200 mm. apart (staggered). The pin 
should be about 3 mm. in diameter and should preferably penetrate the whole thickness of the MOULDABLES wall. The 
holes should be angled up at about 30 - 45°. 
Shrinkage cracks can be avoided by notching with a board 1 mm. thick, to a depth of 1/4 of the wall thickness. The 
resulting sections should not be more than 800 to 900 mm. in length or width. In burners, the notches must be across the 
thinnest section. 
 
Installation 
The ramming of MOULDABLES serves to form the material rather than compact it. Compaction already occurs during the 
process of manufacture. 
 
The installation is done with a hammer, 1 to 1,5 kgs. in weight or a pneumatic hammer. The latter should have a large flat 
ramming head (approximately 20 to 50 mm. in diameter). 

Important: Installation if possible, should be done vertically to the stress area. The thickness of rammed layer is 
determined by the thickness of the slices. Roughening of the compacted layers is advisable. 
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Anchorage 
Areas of more than 1 m2 should be retained by anchors. 
 
General for heating up 
Please refer to section 7.1 
 
We are prepared to supply heating up curves for specific applications, particularly for new installations. 
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R A M M I N G  M I X E S  &  P A T C H E S  -  B A S I C  T I P S   

L i n c o  B a x o  b r a n d s  o f  R A M M I N G  M I X E S  a r e  l i s t e d  i n  s e c t i o n  1 . 0  

 
Introductory remark  
RAMMING MIXES are identified by the letters "K" for ceramic and "CH" for a chemical bond and supplied in  bags with the 
right consistency, ready for use. For the CH-mixes a separate supply of the ramming mix and liquid binder is mandatory 
and so CH coded ramming mixes are supplied as a two-components mix.  
Existing brickwork must be free of all loose particles and in some cases painted with a liquid. 
 
Mixing 
Preparation is not necessary as RAMMING MIXES  when supplied ready for use. If the mix is too dry due to long storage or 
any other reason or the ramming mix is supplied as a two components-mix a paddle mixes  must be used for preparation. 
In the case of partly dry material, the correct consistency can be attained by adding water through a sprinkler nozzle. 
Our specification for quantities and mixing procedures are to be followed in the preparation of dry mixes. 
 
 
Two component ramming mixes & patches  
 Ramming mixes coded CH & patches are supplied as two component mixes when they are phos – bonded and/or chem-   
bonded . Ramming mixes are instaled only by ramming while patches can be installed either by ramming or by trowelling . 
The aggregate is supplied as dry / semi-wet component in bags or buckets while the liquid binder is supplied in drums or 
tanks . 
The recomposition of the product shall be done mixing first the aggregate component in the mixer for abt 1 – 2 minutes  
and then adding 2/3 of liquid binder specified by Linco Baxo and while mixing adding gradually the balance of the liquid 
binder until the desired consistency is achieved . Normally this is achieved in 3-4 minutes .  
Water shall not be added to ramming mixes while a limited amount of water ( 3-5 % ) might be added to patches .  
Anyhow please ask specific instructions to Linco Baxo for the recomposition of patches and how to obtain teh desired 
consistency . 
 
Shuttering 
The shuttering must be installed in such a manner that the direction of the ramming is vertical to the stress area. Due to 
the great stress during installation the shuttering must be firm and abrasion resistant on the inside. A separating media 
such as crude oil, wax, etc. will facilitate the removal of the shuttering and prevent adhesion to the rammed material. 
 
 
Ramming 
The compaction is done by means of pneumatic rammers with the following typical operating data: 
 
Frequency about 15 Hz at 6 atü 
Piston stroke 150 to 180 mm. 
Force of impact 2,5 to 4,5 mkp 
 
To ensue the steady direction of the rammer head, the piston rod must be angular (triangular or square). The rammer 
head has a rectangular base section of about 70x20 mm. and is ground to a wedge shape. This gives better compaction of 
the layers. 
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Place the ramming mix behind the shuttering in layers not exceeding 50 mm. in height. Each layer must be thoroughly 
compacted with a pneumatic rammer. A continual filling during ramming operation will prevent the formation of a proper 
monolithic mass. When ramming flat surfaces (e.g. hearths), every compacted layer should be roughened before applying 
the next layer. If anchors are installed, pay particular attention to the bond between the anchor and the material. 
 
Removal of the shuttering  and subsequent treatment 
The shuttering of RAMMING MIXES units can be removed immediately after ramming provided that it is not exposed to 
disturbance before heating up. 
 
 
General for heating up 
For drying and heating up the following rules apply: 
 
24 hours 100 °C. 
48 hours 200 °C. 
from 200-600 °C.   20 °C./h. 
from 600 °C. to operating temp.   30 °C./h. 
 
We are prepared to supply heating up curves for specific applications, particularly for new installations. 
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D R Y  M O R T A R S  –  B A S I S  T I P S  

L i n c o  B a x o  b r a n d s  o f  D R Y  M O R T A R S  a r e  l i s t e d  i n  s e c t i o n  1 . 0  

 
 
Mixing (For dry mortars) : 
 

Use drinking water if no other bonding liquid is indicated 

Use clean tools and containers. 

Use the whole content of a bag or, using parts of it, thoroughly mix the whole bag content  before. 

Regulate the working consistency desired by addition of drinking  water in a range of ± 10 % of the indicated amount  

Paddle mixer is recommended. 

Smaller amounts are mixable with putty knife or trowel. 

Mix hydraulically and highly reactively bonding mortars with water in small portions up to 20 kg and process them 
within the lifetime of 30 minutes. 

Let ceramic bonding mortars stand for 1 h after water-mixing. 
 

Mixing (For wet mortars) : 
 

Wet  mortars are supplied in buckets and are already mixed. If the wet mortar is segregated as consequence of ageing 
it might be restored by mixing with a drill. 

 
 
Preparation of the underlayer: 
 

The surfaces to be coated with mortar must be free of dust and dean. 
Pre-watering: for hydraulically bonding mortar required 

 for ceramic bonding mortar permitted 
 for chemically bonding mortar prohibited 
 
Processing: 
 

Processing temperature 5 °C min. 

Joint width shall not exceed 2 mm. 

Evenly spread mortar onto the surfaces to be joint and then insert the brick. 

Throw away the set mortar residues. 

Use clean working devices. 
 
First heat-up: 
 

For hydraulically bonding mortar wait ~ 24 h. 

The heating-up curve does not depend on mortar type, but on the nature of the whole lining. 
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astables & dry  mortars are   packed in a  multi -ply paper bags.  Bags are packed on pal lets 
and wrapped with water-proof shr ink f i lm wrapping.  

 
 

To maintain the material  in peak conditions,  it  is  essentia l  that  it  be stored in a  cool dry ,  
venti lated warehouse,  kept off  from the f loor and away from the walls .  
 
Moistening of  the dry  materia l  can affect  the strength of  the c astable  and cause it  to start  
sett ing prematurely in  the bags.  Materia l  affected in this way must  be discarded.  

 
I f  the castable  & dry mortars are stored in the open air,  they  should be placed on a venti lated 
platform,  off  the ground and covered with strong tarpaul ins  to avoid water  or ground 
moisture coming into  contact with any of the bags of materia l.  It  is  advisable to retain the 
original shr ink -fi lm around the pallet as long as possible as extra protection.  
 
Pal lets must be stored divided by type of material,  commercial  name ,  manufacturing date and  
production batch.  
The pallets  of insulating castables shal l  not be stacked one upon the other to avoid 
compression of the soft  grains  of l ight weight aggregates ,  
 
In cold condit ion it  is  recommended that the material  be stored in a frost -free environment to 
ensure that the mixing water does not freeze when added to the dry material .  Shou ld such 
storage not be possible the bags of the dry  material  should be moved to a warmer area having 
a temperature of not less than 15°C. for a period of at least 48 hours prior to the addition of  
water.  
 
In hot c l imates it  is  recommended that the pallets   of  the dry  materia l  are  stored in areas 
kept dry and as cool as possible by available means  .   Needless to say that  pal lets and the 
bags should not be exposed to direct sunlight fo r any length of  t ime.  
Pallets of    mater ials should be moved to a colder area having a temperature of 18 -20° C for a  
period of at least 48 hours prior to mixing and addit ion of water.  
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Due to the ageing process of the binders used in their  formulat ions the shelf  l i fe of  c astables  
& dry mortars are  l imited and they are c lass if ied as perishable materials .  
 
As a general rule  i f  such products  are stored in cool,  dry,  vent i lated at a temperature not 

exceeding +  35 °C and not less + 1  °C whi le the relative atmospheric humidity shall  be 60 ±  10 

the fol lowing shelf - l i fe is  expected:  
 
 Regular dense & insulating castables                              12 months  
 
  Dry mortars  chemical  bond                                            12  months  
 
  LC ,  UL ,  FC castables                                                               9  months  
 
 
  Al l  products supplied as two component mix -  Dry Aggregates    12-18  months    
                                                               Hydraulic  Binder     12   months  
                                                                Chemical  Binder        6-9  months   
 
 
 
Al l  castables can be supplied as a two components mix and this  is  highly suggested for LC, 
ULC, FC castables shipped overseas to distant locations.  

  
When the castables & dry  mortars  are   required to be instal led and  have been in store in 
excess of their  shelf  l i fe  although  appears  in good condit ion, they are not recommended for  
instal lat ion. Their  properties and features  might be impaired and the performance of the 
l in ing can be negat ively affected .  
 
Should there be any doubt whatever,  the advice of a L inco Baxo Refractory Expert should be 
sought.  
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Mouldables are delivered in precompacted cartons. 
 
Ramming mixes (K range) are delivered in multy ply hermetic bag in order to avoid that chemical binders became 
ineffective. 
 
Ramming mixed (CH range) are supplied as a two component mix being the dry aggregate packed in multiply bags and the 
binder in buckets. 
 
Mouldables and ramming mixes (K range) when supplied as one component mix have required humidity for installation. 
 
Mortars and patches are supplied in buckets. 
Patches might be supplied as two component mix usually in buckets. 
Coatings, glues and finishing products are delivered as one-component mix or two component mix and packed in multiply 
bags or buckets. 
 
Top priority shall be given in order to avoid loss of moisture especially when delivered to hot countries with low 
atmospheric moisture. 
 
 
In order to avoid migration of moisture toward the ground the floor of the storage area should be covered with a plastic 
sheet before the products are stored. 
 
 

Ambient temperature 25 °C ± 5 °C 
Relative atmospheric humidity 60 °C  ± 10% 
 

under these conditions the products have a shelf-life of about 9 months. 
wet mortars instead are supposed about 6 months   
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urnaces  l inings are supported  by var ious types of anchorage. Anchors are welded or 
bolted to the shell  and are used singly or in combination, to optimise their  individual  
characterist ics .  

 
There is  a wide range of f lexible and f ixed anchors as well  as  supports suitable for al l  kinds of 
posit ions, temperatures and process condit ions.  
 
The choice of type and quality of the anchors and supports,  as well  as the pitch and the 
pattern are determined in the design stage. Taken into consideration is  l ining thi ckness,  
posit ion, service condit ions and method of instal lat ion.  
 
The maximum allowable temperature for a  metal l ic  anchor depends on a number of  factors 
such as the type of atmosphere in the furnace and the sect ion of the anchor itself .  In normal  
oxidizing atmospheres without sulphur,  the fol lowing temperatures should be regarded as  
maximum on the “hot” t ip of the anchor:  
 
Steel  or Al loy :   Temperature  
 
Carbon steel    590° C  
Chromium Nickel Al loys  
18% Cr –  8% Ni (Type 304)    870°C 
25% Cr –  20% Ni (Type 310)   1100°C  
 
Special  Al loys:  
 
20% Cr –  32% NI (e.g.  Al loy 800)    1100°C 
23% Cr –  60% NI (e.g.  Inconel 601)       1200° C 
 
When the fuel  used contains more than 0.5% in weight of sulphur,  carbon steel  anchors must 
be avoided.  
 
In general  the length of the me tall ic  anchors is  such that the anchor t ip is  12.5 -25 mm from 
the hot face and the anchor thickness shal l  be adequate for the actual  application.  
In any case, relevant  c l ient specif icat ion must be fol lowed.  
 
Anchors welded to the furnace casing must be sec urely attached without any weld undercut.  It 
is  recommended that  the strength of some welds be tested pr ior to the instal lat ion of the 
castable.  
 
Any anchor,  properly welded,  shall  be capable of withstanding being bent 15 degrees from the 
as-welded posit ion in the direct ion of greatest resistance and back without  evidence of weld 
fai lure.  
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It  is  recommended that the anchors be wrapped with tape or coated with a bituminous paint  
in order to accommodate the thermal expansion of the anchors when the l ining  is heated. This  
helps to avoid the r isk of cracking the l ining at the posit ion of the metal  anchor while  
contributing to the reduct ion of heat load on the anchor.  
Sometimes it  is  possible to obtain metall ic anchors having a manufacturer  -  appl ied soft  
plast ic coating 
 
Ceramic anchors  are  used where the c astable needs support completely through to the 
working surface or where the temperature requirements exceed the safe working temperature 
of metal l ic  anchors.  
The t ips of ceramic anchors are designed to be exposed to the inter ior of the furnace and 
their hot face should be in the order of 2 mm back from the hot face of the refractory l ining.  
 
Ceramic anchors shal l  be at least as res istant to heat as the refractory l ining they support and 
they shal l  be f irmly  secured in a metal  anchor f ixed to the casing before the instal lation of the 
l in ing commences.  

 

      
     Metallic anchors welded on a convection wall                     Metallic anchors welded on a convection wall 
 
 

         
  Ceramic anchors on a side wall of a reheating furnace 
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or al l  types of castables,  shuttering shall  be constructed from a non -absorbent,  strong, 
water-proof material;  most usually se lected is  metal  plate or wood. In a l l  cases the 
shuttering structure must be suffic iently strong not to f lex under the load of t he 

castable.  
 
Al  joints in the shuttering shal l  be water -t ight to avoid the escape of water possibly carrying 
with it  f ine cement-r ich materia l.  
 
The problem of leakage becomes more noticeabl e in cast ing Very L ight Weight c astables which 
need re latively very large quantity  of water.  Should leakage occur on no account  should the 
viscosity of the castable be increased by reducing the content of water.  Apart from modifying 
the physical  properties of the c astable the increase in density wil l  result  in shortage  of 
material .  Such a problem must be solved by modifying the shuttering.  
 
Shuttering shall  be oi led or suitably treated to faci l itate easy stripping.  Each metal l ic support  
should be instal led with a  pitch of about  400 -500mm to the others in order to avoid bending 
shuttering.  
 
There are numerous types of mould release agents and the one chosen should permit the 
shuttering to be str ipped easi ly without any reaction with the castable surface.  

 
 
 
 
 

                             
                          Convection corbels shuttering  of a petrochem heater  
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efore the commencement of instal lation it  is  recommended to plan the operation. F irst  it  
should be confirmed that al l  materia ls and necessary equipment are avai lable or wil l  be 
at the t ime demanded.  

 
All  equipments and tools must be in accordance as per L inco Baxo manual .  
 

Ambient temperature  

During the placement and curing of the c astable ,  the surrounding environment shal l  be at  a 
temperature between 10 and 32 °C. If  necessary suitable action must be taken to maintain 
this status.  This a lso applies to ar eas with which the castable comes into contact such as a  
furnace shell  or ex isting refractory l in ing.  
 
 
Water  

The water to be added to the dry c astable shall  be at temperature between 10 and 25 °C. Only  
clean, potable water  of low acidity,  free from salt ,  sugar and other foreign matter is  
recommended. Should the qual ity of available water be uncertain it  should be analysed. We 
recommend that the water used should comply with the fol lowing specif ications:  
 
PH  6.5 –  8.35 

Ca2 +  less than 300 PPM 

Mg2 +  less than 300 PPM 

K+ + Na +  less than 150 PPM 

C1-  less than 200 PPM 

Fe3 +  less than 300 PPM 

SO2 -  less than 200 PPM 

Residue after  
evaporation at  less than 1500 PPM 
180°C.  

 
 

I f  water does not comply with the above l imits,  demineral ised water should be used.  
Equipment used for storing and handling the water must be c lean, so preventing possibly  
contaminat ing material  from being introduced.  
For further information consult  L inco Baxo refractory specia l ists .  
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Personnel,  Tools and Equipments  
 
It  should be that  suff ient men and equipment are avai lable on site to complete the job in the 
al lowed t ime inc luding the t ime required for curing and dryin g, and that enough shuttering is 
available to al low the planned rate of instal lat ion.  
The mixers to be used must be clean and free from such as Portland cement to avoid quicker  
sett ing t imes and reduced strengths.  
The equipment and tools such as mixers,  buckets,  wheelbarrow, trowels and vibrators shall  be 
maintained in c lean condit ions.  
The mixer and surrounding areas shall  be cl ean and sheltered from weather.  The steel parts to 
be l ined shall  be dry,  clean and free from loose mil lscale,  rust ,  grease, oi l ,  d irt  and other 
similar foreign matter.  
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nly for reference and not comprehensive guidance t his section summarizes the work 
force,  personnel,  tools and equipment usually required for an instal lat ion of abt 300/400 
mc. of insulat ing and refractories in  a medium size reheat furnace .  

Although this  schedule can be appl icable to similar job and volume, instal lat ion companies 
have their own standards  taking into account di ff iculty factors which might dif fer at di fferent  
sites.   
 
WORFORCE & PERSONNEL 
 
Minimum requirement  of foremen & workers per shi ft :   
 
1 LINCO BAXO fie ld supervisor  
1 Foreman  
4 Brick layers  
6 Hodmen 
2 Welders/Carpenters  

 
EQUIPMENT AND TOOLS LIST  
 
Minimum requirement for each team per shift:  
 
1-2 paddle mixers  for dense castables and/ or barrel  mixers  for insulat ing castables  
1-2  gunning machines i f  this kind of instal lation is  required.  
  Gunning machines shall  al low air  pressure regulat ion. This is  essential  for insulat ing 

castables in order to avoid undesired decrease in yie ld.  
1 wire-cutter for bricks with  5 spare disks  
1 disk cutter with 5 spare disks  
4 wheelbarrows  
10 plast ic  buckets  
Toolkit  with 2 grinding machines with  5 diamond spare disks diam. 150mm 
1 stapl ing machine  
1 iron saw 
2 water drums 
1 water measure  
1 dri l l  
1  mortar mixer  
Pack-props  
Small  wooden beams 8x9cm 
Wooden f i l lets 2,5x5x400cm 
Wooden panels 3x50x400cm 
Wooden boards 2,5x8cm - 15x400cm 
Multi layer panel for nose shutters  
Scaffolding horses  
Tar paper for construction joints  
Tar bucket to cover metal l ic  anchors  
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Nai ls  40/60 
Aluminium shafts  
Monkey wrenches 16/22  
Angles 50x50 
Polythene rol ls ,  polystyrene and dismantl ing paint  

 
Paddle mixers to be used must be c lean and free from such as Portland cement to  avoid 
quicker sett ing t imes and reduced strengths.  
The equipment and tools such as paddle mixers,  barrel  mixers ,  buckets,  wheelbarrows,  
trowels and vibrators shal l  be maintained in clean condit ions.  
Mixers and surrounding areas shall  be c lean and sheltered from weather.  The steel parts to be 
l ined shal l  be dry,  c lean and free from loose mil l  scale ,  rust,  grease, oi l ,  d irt  and other  similar  
foreign matter.  
 
 

 
Paddle mixer for dense castables  
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                                                      Gunning machine 
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Gunning machine 
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t  is  strongly recommended that a paddle mixer  is  used for dense castables while while a 
barrel  mixer is  required for insulating castables.   

 

 
            Paddle mixer for dense castables  
 
 
Paddle mixer  is  essential  for dense c astables in that it  al lows the material  to be mixed properly 
and evenly with a much lower water content than for example with the barrel  type c astable  
mixer.  
On the other side paddle mixer is  not suitable for insulating castables a s it  wi l l  gr ind and disrupt 
the soft  grains on the mix and in doing so increase the density and the yield  
 
The moisture content  is  crit ical  for  dense c astables  where maximum strength with optimum 

density is  required. Insulat ing c astables by nature are weaker than dense 
castables and therefore it  is  important  that they too are mixed properly  
with the correct amount of water.  
 
Too much water wil l  reduce density and strength, too l itt le wil l  decrease 
the yield (with poss ible undesired shorta ge of material  at  site) .  
Because of the possibi l ity of segregat ion of the various components of the 
castable  within the bag during shipment from factory to s ite,  it  is  
essentia l  that only complete bags of c astable be mixed with the required 
water.  
Should,  for some reason, it  be absolutely impossible to use a complete 

bag of dry material,  the entire content of a  bag must be intimately mixed before taking and us ing 
the required quantity.  
 
For large project,  mostly those abroad, where long transportation and p ossibly warehousing 
t imes pr ior to instal lation are anticipated,  Linco Baxo are prepared to supply several  types of  
their  castables as two separate components.  Packed in one group of bags is  the inert material  
such as aggregates whilst  in another group of bags is  the binder.  
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The quant it ies  of each are so arranged that a complete number of bags of  inert material  are  
mixed with a complete number of bags or drums of binder without the need for weighing on site .  
The recomposit ion must be made str ict ly in acco rdance with L inco Baxo instructions by ski l led 
labour under close supervision if  the required physical  properties are to be obtained. The dry 
mixing can be made by hand or by means of  a paddle mixer ( for at least two minutes) .  In case of  
hand-mixing,  the w hole recomposed dry c astable mix should be turned at least 6 t imes in a clean 
container or on a c lean surface.  
The quantity of water  to be added must be as given in Linco Baxo 
data sheets in order to obtain the indicated physical  properties.  To 
mix castable, it  is  recommended to add f irst  80 -90% of the amount 
of water specif ied by Linco Baxo, then, whi le mixing gradually,  add 
the remaining water a  l itt le at a t ime unti l  the desired consistency 
is  achieved.   
Mixing water  reported on L inco Baxo data sheet can be considered 
“theoretical”  and recommended, obtained from laboratory tests at  
20-24°C with humidity  45-50%but can be adjusted at s ite under the 
close eye of the supervisor.  
 
Although acceptable methods are available  to determine the right consistency and a few expert  
superv isors have the experience to do so by visual appearance,  the fol lowing good pract ice is  
suggested (unless instructions have been provided by Linco Baxo for the c astables for a particular  
applicat ion):  
 

 for insulating castables,  water additions should be those indicated in Linco Baxo data sheet   
adapted / adjusted to site condit ion .  Sometimes this wil l  lead to some discrepancies  
between product data sheet and s ite requirements  

 
   for dense castables,  use the minimum amount of  water needed to instal l  the material ,  

which does not exceed the one indicated in the Linco Baxo data sheets.  The best way to 
gauge the amount of water for dense castable is  the “ball  in hand test”,  described later.  

 
The mixing t ime is  normally around 3 mi nutes and should be controlled:  a too long mixing of a  
l ight weight insulating c astable  changes the properties  of the material ,  as most insulating 
aggregates are either soft  or compressible and may become broken down by extended mixing.  
Only batches of size that can be instal led within 20 minutes of the adding of water should be 
mixed. In some hot condit ions it  might be better to have smaller batches of c astable that can be 
instal led within 10 minutes. In no circumstances must c astables be remixed after they have 
stiffened or started to set.  
“Ball  in hand” test  
Add suff ic ient water to al low the castable to hold together in a bal l  when “bounced” in the palm 
of the hand.  
Too dry the bal l  wi l l  break up into a crumbly mass;  too wet it  wil l  s lump through the f ing ers.  
This “bouncing” in the hand should impart a s l ight gl istening to the surface of the ball  of  
castable  but there should be no appreciable transfer of water and cement to the palm.  
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The sketches below show the 3 situat ions:  
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uring the castable instal lat ion, the furnace casing and the cas table l in ing temperatures shal l  
be maintained between 10 and 32 °C.  

 

Should the temperature be above 32 °C iced water it  is  recommended for mix ing.   
The castable  shal l  be instal led immediate ly after it  has been mixed. The mater ial  must be poured in 
such a way as to minimise possible segregation.  
 
It  should be poured s lowly into  posit ion,  taking care that every  undercut  or profi le be completely 
f i l led and that no air  pockets are a l lowed to for m. 
 
For insulating castables,  rodding or tamping is  usually suff icient  to remove voids and consolidate 
the materia l  without excessive compaction.  
 
If  a vibrator is  needed, then a l ight poker should be used in order to move the castable rather than 
to compact it .  
 
Pouring of insulat ing castables -  especial ly  those Linco Baxo “l ight weight” and “very l ight weight” 
grades containing relatively weak aggregates and/or soft  aggregate such as exfol iated aggregates  -  
must be sufficient to correctly move the castab le into place,  but not excessively so  in order to 
prevent dis integration of aggregate and compaction of exfol iated soft  aggregates  which would 
result  in increased density (with possible undesired shortage of material  at  site) .  
 
For dense type castables the use of vibrator is  more important and the effect of v ibration during 
instal lat ion is  benefic ial  in that it  effect ively reduces the amount of entrapped air thus achieving 
the optimum density .  
 
Vibration should cease when no air can be seen coming from the mix,  general ly  vibration should not  
exceed 2-3 minutes. Too long vibrat ion can cause segregat ion of the mix (should there be an 
accumulation of  water  on the surface during vibrat ion if  i s  an indication that the mix is  too wet and 
less water should be added  to the next batch).  
 
Al l  movements of the vibrator within the c astable should be slow and del iberate al lowing the 
material  to f low and ful ly f i l l  the space made by the vibrator as it  is  moved.  
 
Care should be taken to move the vibrator around the c astable 
within the shuttering so that it  is  al l  ful ly consolidated. Special  care 
must be provided at  the corners of the shutter ing and around 
anchors.  
The vibrator should not be employed once the castable has started 
to stiffen and set.  

Once the appl icat ion has started it  should proceed without  any 
interrupt ion unti l  the entire section of  the l in ing has been 
completed.  
 
I f  an unavoidable interruption does occur,  the “wet” edge of the 
l in ing shall  be cut back at r ight angle to the surface for the ful ly 
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thickness of the l ining (or of the layer being placed, in case of multi - layers l inings).  
Al l  mater ial  ahead of the cut shall  be removed and discarded.  
The t ime between the pouring of consecutive batches must be such that the sett ing of the f i rst  
batch has not begun.  
 
For large surfaces it  may be necessary to divide them into smaller and more manageable  sections.  
 
When the materia l  is  cast in horizontal  posit ion, the individual section should preferably  be around  
1 m x 1 m  in dimensions but not larger than 1.5 m. x 1 .5 m.  

Each batch from the mixer shall  be instal led so that the ful l  thickness of the l ining is  produced, 
rather than the building up of the thickness  in layers.  
 
When the castable  is  cast in a vert ical  posit ion, the shutter ing employed shall  be at  least of  0.5 m. 
high and 1.5 m. long.  
 
The castable shal l  be cast evenly along the length of the shutter ing and consolidated in order to 
obtain the required homogeneous l in ing.  
 
Where multi - layer l inings are instal led, the surface of the f irst  layer must be treate d in order to 
prevent the absorption of water from the subsequent layer  unless otherwise specif ied .  
 
Under no circumstances should another layer be added before the previous one has been 
completed.  
 
The surface shall  be levelled off simply with a screed or  a wood float and not be trowelled to a  
smooth f inish.  
 
In case of circular stacks and ducts it  is  sometimes found more convenient to instal l  the l in ing with 
the stack or duct in the horizontal posit ion on the ground.  
The l ining is  cast in “horizontal”  sec t ions and completed circumferentia l ly  in stages by part ial ly 
rotating the stack or duct.  
 
For diameters less than 1.5  m. the recommended number of  steps is  4 (90 degrees each) a lthough 
under some condit ions this might need to be reduced to 3 but this must be considered minimum.  
For larger diameters more steps wil l  be necessary.  
L inco Baxo insulat ing castables may be instal led in this manner by reducing the amount of mixing 
water normally specif ied  in order to make the wet mix more viscous  
 
The resulting l ining might show an increase in density  but this is  outweighed by the advantage of 
easier instal lat ion.  
 
While estimating the quantity of c astable required for an appl ication by casting, a site al lowance 
must be forecast .  An al lowance of 5 -10% usually is  suff icient to cover damaged bags, spi l lage,  
material  left  in bags and mixer etc .  
In dif f icult  or  remote areas the al lowance should be increased to 10 -20% or more depending upon 
actual condit ions to be encountered.  
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INCO BAXO acknowledges that the gunning method of instal lat ion is  faster and therefore offers 
a number of materia ls  suitably formulated for the appl ication by gunning.  

Where LINCO BAXO materials are gunned it  is  recommended that the dry gunning principle  is  
employed with the castable being pre-damped.  

It  is  essentia l  that the gunning machine is  equipped with a device which wi l l  al low ful l  regulation of 
the air  and water pressure .   
When dense castables are gunned we suggested that  regulation for a ir  pressure  shal l  range  
between 1 and 10 bar  while water pressure should be set  between 0 to 5 bar.   
For insulat ing castables  instal lat ion we suggest  to set air  pressure at 5 bar –  8000 lt/minutes and  
the water pressure at 7 bar .  
  This  is  of great  importance to achieve the desired yie ld of insulating castable s  avoiding increase 
of density due to the compactation of the soft exfol iated grains of the mix .   
 
Here below for Your guidance a picture of a  gunning machine which is  suitable for application of al l 
the gunning castables .   
 
 

 
Gunning machine 
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  Gunning machine 
 

In this process the pre-damped castable is  pneumatical ly conveyed  to the instal lat ion area us ing 
especia l ly  developed equipment and finally  projected onto the surface to be l ined through a nozzle 
which inc ludes a water injection system.  
 
The predamping of  the castable  is  preferably carried out in a special  predampener.  
I f  this is  not available,  a paddle mixer might be used and placed immediately next to the gunning 
machine.  
 
The water required to pre-damp both dense and insulating c astables is  approximately 1/5 of the 
total  water required at the nozzle .  Water addit ion indicated in Linco Baxo data sheet is  not 
provided for guidance as water addit ion shal l  be adjusted to the type og gunning machine -  
The remaining water is  added, as a f ine spray,  at  the nozzle in such qua ntity to achieve the correct 
gunning consistency (usually this is  the maximum addit ion that can be tolerated without the 
refractory s lumping).  
 
The predamped mater ial  must be mixed unt i l  it  is  homogeneous with no lumps and used within 20 
minutes of mix ing.  
Predamping reduces the presence of dust at the noz zle with improved visibi l ity for the operator 
permitt ing better control of the necessary water addit ion and easier adjustment of the l in ing 
thickness.  
 
In addit ion pre -damped material  more readily accepts further  water at the nozzle improving 
gunnabil ity and result ing in minimum segregation and rebound losses.  
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The ult imate success of gunning applicat ion depends to a great extent on the ski l l  of the operator 
and the correct use of  equipment and mater ial.  
 
The gunning machine requires a constant  supply of w ater  and air ,  the respect ive necessary  
pressures of which depending on such factors,  as the distance between the gunning machine and 
the nozzle,  the nozzle -size,  the elevation above the ground level  of  the  surface to be l ined and 
always the type of castable being gunned.  
 
It  is  essential  that there a be a direct communicat ion between the nozzle operator and the gun -
machine operator.  The use of two -way telephone system is  recommended where they are out of 
direct vision.  
 
Once gunning has started, the appl ica t ion of the l ining shall  be continuous unt i l  the unit  or sect ion 
is  completed.  
Any break in gunning must be t imed to coincide with the completion of a section.  
 
When an interruption is  expected to extend l onger that 10-15 minutes,  the area not gunned to th e 
ful l  thickness  must be cut out and removed.  
At no stage shall  addit ional materia l  be placed over previously applied mater ial  to build up the 
required thickness.  
 
Where multi - layer l inings are instal led, the f irst  layer must  be suitably treated to prevent  
absorpt ion of water  from the subsequent layer.  
The edges of “unfinished” sections of c astable shal l  be cut back at r ight angle,  to the backing 
surface.  
 
Al l  mater ial  ahead of the cut shall  be removed and discarded.  
The work shal l  a lways proceed along the wet edge of the band just f inished and reach ful l  l in ings 
thickness as quickly as  possible before proceeding to another sect ion.  
 
The work area is generally  divided into sections approximately 2 m x 2 m wi de. 
Thickness control is  accomplished by prof i le bo ards of a depth equal to the l in ing thickness:  
alternate sections are instal led and, when set,  the profi le boards are removed and the alternate 
sections gunned.  
 
An alternat ive method for thickness control ,  which is  necessary for spherical  surfaces,  for ex ample, 
is  to provide pins of about 2 mm diameter welded to the casing with 600 mm spacing and of a 
length equal  to the l in ing thickness.  
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The gunning nozzle should be held at approximately 90 de grees to the receiving surface and 
maintained at a distance of approx. 1 m from t he surface ( it  depend s on materia l  density).  The 
nozzle shall  be moved in a smal l  circular motion as per sketch as fol lows to  reduce the rebound loss 
and the r isk of laminatio ns and gives an equal materia l  structure.  
 

 
Direct  nozzle spray to  form loops  

 
It  is  important that the material  be gradually built  up to the ful l  thickness over a small  area at a  
t ime. 
Progress should be made from bottom to top when gunning c astable on vertical  wal ls,  this prevents 
rebound material  dropping down and st icking to the unl ined shell  and to the anchors below.  
 
Care must  be taken to ensure that no rebound material  be trapped in the stream of new material  
because voids and weak areas wil l  result .  
A normal gunned surface f inish wil l  be pitted to  the extent of a variation between peaks and 
troughs of 3-10 mm, largely dependent upon the maximum aggregate size used in the mix.  
 
For some appl icat ions this f in ish is  acceptable, and the l ining thickness  is  taken to the mid-point 
between peaks and troughs.  
For many other appl ications it  is  easier and even faster  to gun sl ightly over thickness and trim back 
to the desired precise thickness.   
This is  particularly important where a given distance between l in ing surfaces and process tubes 
must be respected, or wherever precision of thickness is  imperat ive.  
Where tr imming is  required, the surface shal l  be scraped with a trowel or a steel f loat or,  better,  
with a specia l  nai led brush as soon as poss ible after co mplet ion of the gunning.  
A trowelled smooth surface  f inish must be avoided.  
  
In a l l  gunning operat ions some of the material  rebounds from the work area and fal ls  down; this 
material  must be removed and discarded.  
The amount of this lost material  depends a n many factors especial ly  in the init ial  part of th e 
instal lat ion whilst  being gunned against the steel surface.  
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For a thin l ining, the rebound loss is  higher  that for a thicker l ining instal led in simi lar  condit ions;  
overhead gunning wil l  cause a higher  rebound loss  than gunning onto a vertical  wal l .  

Allowance 
 
While estimating the quant ity of c astable  required at site for  an appl icat ion by gunning, an 
al lowance must be forecast as the sum of  site a l lowance, material  al lowance and job diff iculty 
al lowance.  
LINCO BAXO gunnable castables require a material  al lowance of approx. 10%.  
Site a l lowance is  usually 5% for domestic jobs, but  for dif f icult  or  remote areas it  must be increased 
to 10% (possibly even more).  
Job diff iculty al lowance depends on several  fa ctors such as the sk i l l  of the operator,  the posit i on of 
the surface (e .g.  roof or vertical  wal l) ,  the anchors  spacing and type, the thickness of  the l ining,  the 
environmental  condit ions.  
 
Although tables exist  giving di ff iculty factors for a variety of ca ses,  as a practical  guide the 
fol lowing factors may  be considered:  
 

Vertical  wal ls  :  10-15% 
Roofs :  30-40% 

 
 
 
The sums of the 3 al lowances give the fol lowing total  gunning al lowances:  
 
  

Material  

al lowance

  
Site  

al lowance 

 
Difficulty  

al lowance 

  
Total  

al lowance 
 

Domestic 
projects  

 -  Vertical  walls  
 -  Roofs 

 
Diff icult/remote 
areas  
-  Vertical  walls  
-  Roofs 

 
10% 
10% 

 
 
 

10% 
10% 

 
+
+ 
 
 
 

+
+ 

 
5% 
5% 

 
 
 

10-15% 
10-15% 

 
+ 
+ 
 
 
 

++ 

10-15% 

30-40% 
 
 
 

10-15% 
30-40% 

 
=
= 
 
 
 

=
= 

 
25-30% 
45-55% 

 
 
 

30-40% 
50-65% 

 
All  engineering companies have their own standards for total  gun ning al lowances, which generally 
l ie in the above intervals,  but  the best -  for equipments and operators -  instal lat ion companies are 
able to stay c lose to the lower l imits of even better.  
Consult  LINCO BAXO specia l ist  for select ion of materials ,  estimate of al lowances and further advice 
if  in any doubt.  
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     t  should be understood that some engineering companies accept trowell ing for contouring only         

while trowel led l in ings are not general ly permitted.  
 
However,  there are instances where c astables may only be instal led by trowell ing;  for exampl e very 
thin l in ings or di ff icult  posit ions where i t  is  impract ical  to attempt instal lat ion by casting or 
gunning.  
 
Trowell ing is  the instal l ing of small  quantit ies of c astable (mixed to a st iff  consistency) which are 
picked up on a trowel and “thrown” agai nst a surface to be l ined. (This is  usual ly accomplished with 
upward sweeping motion of the arm and a f l ick of the wrist which imparts suff icient velocity to the 
wet mass of material  for it  to stick where it  is  placed and consol idated into a monolithic coa ting 
with the materia l  previously and subsequently placed) .  By this method it  is  possible to penetrate 
wire mesh or lath which forms the anchoring system for the l in ing.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The water addit ion in this type of appl ication must be the minimum req uire to develop the st iff  
consistency. Water content can be varied as the job progresses to suit  the requirements of the 
individual  craftsman making the l ining.  Extra water  should not be added to a mix if  it  becomes st if f .  
This “retempering” causes reducti on in strength and thus a mix should be discarded i f  it  becomes 
too st iff .  
 
This is  probably an indicat ion that too large batches are being mixed, therefore it  is  recommended 
that smal ler batches are  used.  
Using this technique,  an instal lat ion best proceed s from bottom to top, or from left  to r ight,  or 
from bottom left  to top right.  Manageable amounts of c astable should be placed near the point of 
instal lat ion so that the craftsman making the l in ing may work eff iciently .  
 
Less desirable than slap trowell ing  is  a “pushing” approach. castable is  picked up on the bottom of 
a trowel and pushed through anchoring so that it  st icks to the surface and consol idates with 
previously “pushed” material .  
“Pushing” may be a necessity with anchoring containing smal l  opening s.  
 
Castable  should not be applied in thin multiple  layers  as it  wi l l  peel and spall  during cur ing and 
upon exposure to heat  A single thickness layer is  preferred.  
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The surface should be tr immed with the trowel edge or screened with the edge of a board to  
produce the correct  l ining thickness. The preferred f inishing technique is  as l itt le  as  possible  with 
the minimum act ion of a trowel bottom. Water should not be added to the surface. After the 
surface has been level led it  may be rubbed with a damp cloth t o provide a textured surface.  
 
Excessive working of the surface pulls  water,  f ines and the cement binder to the surface which can 
cause cracking and spall ing during curing and upon exposure to the ambient condit ions. It  wi l l  
almost certainly cause spal l ing  upon exposure to elevated temperature.  
 
The mix should there be an accumulat ion of water on the surface during vibrat ion, this is  an 
indication that the mix is  too wet and less water should be added to the next batch.  
 
Al l  movements of the vibrato r within the concrete should be slow and del iberate al lowing the 
material  to f low and ful ly f i l l  the space made by the vibrator as it  moved.  
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hen water is  added to c astables containing  calcium aluminate cement, hydration occurs  
accompanied by the generation of heat .  
 

The amount of heat generated is suffic ient to release some moisture as steam thus preventing ful l  
hydrat ion from taking place.  
 
To compensate for this moisture loss and al low complete hydration to develop the optimum 
strength of the cement, a curing process is  necessary.  This consists in keeping the l ining surface 
suff iciently damp and cool by spraying, with clean fresh water at  frequent intervals or  by covering 
it  with wet sacks which must  be maintained wet.  In  some cases with ducts ,  smal l  vessels,  etc .  an 
alternative method is  by air -proof c losing of  the equipment to keep al l  the moisture inside.  
 
The curing process should start  immediately after init ial  sett ing when the l ining furnace has set 
hard enough to permit impinging spray water from washing out the surface cement, and shal l  
proceed for at least 24 hours.  Forms and shuttering my remain in place.  
 
During cur ing operation, the refractory l ining temperature shall  be maintained between 10°C. and 
32°C.  
 
In cold temperature condit ions the rate  of evaporation is  general ly low, therefore the wet cur ing 
operation may not be necessary;  however the l ining temperature must be maintain ed above 10°C.  
and under no circumstances must the material  be al lowed to freeze during sett ing and cur ing or 
unti l  the l ining has been dr ied to stable condit ions.  
 
In hot temperature condit ions the rate of  evaporation is  general ly high,  then the wet curin g 
operation is  the greatest importance. The l in ing must be kept damp and cool within the f irst  24 
hours.  When the l ining instal lat ion is carr ied out in open air,  the surface shall  be protected by 
shading from direct sunlight unt i l  the curing operation has been completed.  
 
Refractory l ined equipment shal l  not be moved, on site,  unti l  the curing operat ion has been 
completed and shal l  not be packed and transported unt i l  a ir  drying operat ion has been carried out .  
 
The steel  cas ing st iffening shal l  be such that f lexures and distortions are prevented in order  to 
avoid damage of the l ining.  
 
In order to reduce r isk of cationic hydrolysis the appl ications of CURING MIX 106  mixture is   
recommended. CURING MIX  106  is  a product specif ical ly studied to a l lows a safe ha rdening by 
forming a protective f i lm/membrane   which, isolating the castable from the direct contact with the 
atmosphere, avoids a lso the formation of  white dust  or moulds (carbonization).  This product is  
applicable by spraying . L inco Baxo recommends to apply Curing Mix 106  coating on the wet 
castable and to repeat  the appl ications after  the  setting of the castable.  
 
The protective f i lm/membrane  usually  lasts  a suff icient t ime to cover transport and other  
intermediate operations prior to drying -out .  
For applications refer  to relevant data sheet.  
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hen the curing process is  complete, the c astable l ining must be air  dried at  an ambient air  
temperature at least over 10°C. for as  long as possible  (but not less than 72 hours)  in order to  

obtain stable conditions prior to init ial  heat ing.  
 
This operation al lows the reduct ion of  the amount of free water in the c astable which might 
otherwise cause undesired chemical react ions between the l in ing surface and the atmosphere. This  
is  l ike ly to happen i f  the l ining, after the curing, is  permitted to remain for  a  t ime in a damp, humid 
ambient a ir  without any drying.  
 
Freshly placed l ightweight  castables  are prone to a deter iorating condition cal led alkal i  hydrolys is  
(AH) or carbonation when they are kept in a non -dried state for a sustained per iod of t ime in a 
damp and humid environment  (1).  
 
In general this phenomenon, know as “ alkali  hydrolys is”  (AH) or “carbonation” ,  takes place more 
readi ly with insulat ing c astables which are based on porous aggregates that absorb high 
percentages of mix ing water.  This effect  is  more l ikely to be evident on instal lations made in high-
humidity sites  as the air  is  humid and the rate of  evaporation is  low. Closed ambient,  such a 
condit ion that ex ist  in  complete box type furnaces with no venti lat ion, are more l ikely to faci l itate 
this undesired phenomenon.  
 
Accordingly,  AH and carbonation are accelerated by the penetration of water.  It  is  especial ly  
important to stop the movement of water to suppress carbonation.  
 
The ideal  recommendation is  therefore to ful ly dry the c astable l ining immediately  after the cur ing 
has been completed.  Where this is  not possible ,  the c astable l ining shall  not be al lowed to remain 
in a c losed humid environment. It  is  recommended to ensure sufficient air  venti lat ion either by 
leaving the l in ing in a  well  dry-venti lated area or,  preferably,  by  providing a forced venti lation on 
the whole surface with an adequate fan or ,  even better,  by a hot air  blower.  
L inco Baxo suggest also to perform pre dry -out at  260° C for  about 45 hours in order  to part ial ly 
remove water from the l in ing  .  This usual ly  reduce the r isk of AH.   
 
Another practical  way  to overcome this undesired situation  and to reduce risk ,  is  to apply CURING 
MIX 106 ,  a l iquid base curing compound,  which forms a membrane /  protective f i lm preventing the 
formation of “cationic  hydrolys is” and then protecting the l ining.  
The main effect of a surface coating in delaying/reducing carbonation is to stop the penetration of  
water .  
 
In the Petrochemical  Industry recent  furnace construction trends,  favour reduci ng instal lat ion t ime 
at site  by  us ing steel casing modules  l ined in the shop of  the steel cas ing suppl ier or  not far away 
from such shop.  In such cases,  it  is  recommended to air  dry  and venti late the c astable l ining before 
the module is  packed for transpor tation and to ensure that packaging is  adequate to protect it  from 
the ingress of water.  
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Complete cured and dried c astable  l inings must not be left  in such a way that  they may be exposed 
to rain and its damaging effects on propert ies.  
 
L inco Baxo spec ia l ists are at your disposal for further information and advice.  
 
(1) Carbonation of Alumina Cement -Bonded Castable Refractories by SATOSHI SAKAMOTO and 

EHCHI KUDO published on Journal  of the Technical  Association of Refractories,  Japan 20 (1) 
18 –  23 (2000) 
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either dense or insulating c astables shall  be instal led when ambient temperature is  below 10°C.  

In cold weather,  the minimum temperature of 10°C. must be maintained by art i f ic ial  heating of the 
water,  the castable and its surrounding area , including the furnace shel l ,   unt i l  the instal led 
material  has been cured and dried.  
 
When the instal lation is  made in an  open shop  ,  it  may be necessary to externally  lag the unit  
being l ined and also provide adequate heaters to maintain temperatures at a sat isfact ory level.  
 
It  is  recommended that the c astables  are stored in condit ions that they are  frost free and moved 
into a warmer area with a minimum temperature of 15°C. for at least 48 hours before instal lation.  
 
The mixing water temperature shall  be in excess  of 10°C. and it  is  recommended that i t  be heated, 
i f  possible,  to 20  °C.,  while never exceeding 30°C.  The temperatures of the dry mix and water shal l  
be control led in such a way to always obtain at al l  t imes a temperature of the wet mix above 10°C.  
In gunning appl ications,  the higher the material  temperature, the better the gunnabil ity  and the 
lower the amount of rebound loss.  The recommended water temperature is between 20° and 25°C.  
Setting t ime can be adjusted by accelerat ing reagent supplied by L inco B axo on request .  
 
During the applicat ion and curing, the c astable l ining temperature must be maintained above 10°C. 
and under no circumstances must the material  be a l lowed to freeze.  
When the curing operation has been completed, the l in ing shal l  be air  dr i ed at  an ambient 
temperature above 10°C. for as long as possible to obtain stable conditions of the refractory 
material .  
 
The air  dry ing operat ion is  of  the greatest  importance when l ightweight insulating c astables are 
instal led, due to the high percentage  of  mixing water that they require.  
The freezing effect on the refractory castables after curing depend s only by the content of free 
water.  I f  the  c astable  has been ful ly  dr ied, freezing has a l imited  effect  to deter iorate the l ining  
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he castables must be stored in a cool and dry venti lated warehouse, avoid ing direct exposure 
to the sun. I f  the temperature of the dry mix is  high,  it  should be kept in a cool place before 

use, its temperature being maintained below 32°C.  
 
Cool fresh water shall  be used for mixing. I f  necessary, chi l led water must be used, but under no 
circumstances must it  be below 5°C.  The water and the dry mix temperatures should be controlled 
in such a way to always obtain a temperature of the wet mix below 25°C.  
 
I f  the steel  casing is  exposed to sunlight ,  it  is  recommended that it  be cooled down, during 
instal lat ion, sett ing and curing so that  its temperature be below 32°C.  This can be done by shading 
from direct sunlight and/or by spraying with water the outside of  the steel casing.  
 
Because high temperature c astables tend to st iffen quickly,  rodding or  tamping soon restore the 
material  to a normal consistency. The addition of excess ive water to  improve f lowabi l ity shal l  be 
avoided and if  necessary smaller batches o f  castable should be mixed and instal led.  
Setting t ime can be adjusted by retarding  reagent suppl ied by Linco Baxo on request.  
 
I f  the mater ial  is  instal led by gunning, the same precaut ions should be taken as in casting.  
 
A cool place should be selected. The mixer,  the dry mix and the mixing water should not be al lowed 
to be exposed to sunl ight .  
During the curing operation,  as with a cast l ining,  the refractory l in ing temperature must be 
maintained below 32°C.  The l in ing must  be kept damp and cool within t he f irst  24 hours;  this  is  
particularly important  for the c astables with a high evolut ion of heat of hydration, as they are 
particularly vulnerable to cracking and explosive spal l ing i f  they are not correctly cured.  
 
Where none of the above is  possible,  th e instal lation should be carried out at night .  
 
For a correct cur ing procedure, see section 4.1 .  
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efractories expand when heated .  
 

Expansion joints are used to permit thermal  expansion in refractory c astable  l in ing where they are 
considered necessary by the engineer responsible for the design of the unit  in order to  protect the 
l in ing and the shell  against forces which might be caused by unrelieved thermal expansion.  
 
The expansion joints  are general ly  placed  with regular spacing, not greater than 1,5m t.,  in 
horizontal and vertical  directions.  
 
The expansion joints  between adjacent panels,  when panel construct ions are used, should be 
packed with ceramic  f ibre having an adequate service  temperature l imit,  such as blankets or 
felts/ceramic f ibre.  
 
Separation joints and separation cuts (or  score l ines) are used to distribute the shr inkage of  the 
l in ing uniformly and to prevent the formation of random cracks.  They should have a regular spacing 
of no more than 1,5mt. in horizontal  and vertical  direct ions.  
 
The separat ion cuts are manually  made by scoring the c astable surface before its  sett ing and shal l  
be approx 1,5 mm. wide and 25 mm. deep.  The surface cuts are always required with “facings” of  
dense type castables:  they are not strict ly required –  but st i l l  recommended –  with “medium 
weight” and l ighter facing materia ls .  The cuts should not be made by grinding after the instal lat ion 
when the castable has already hardened.  
 
It  is  good pract ice to cover the roof join ts of the working layers with dense refractory spl its in 
order to prevent any passageways .  
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efore operating the furnace , refractory l ining must be ful ly dried.  

 
The necess ity of eff icient and professional drying & safe heating -up is a  prerequisite  in order to  
discharge free and chemically  bonded water content. Drying & correct heating -up minimize the 
risk of steam explosion or thermal shock and thus help to ensure optimum condit ion of the 
refractory castables before the l ined furnaces and plants start operations.  
 
Refractory castables,  which are  not dried, show a low permeabil ity,  therefore wa ter must be 
slowly removed to avoid hydraul ic  high pressure which can breakout  due to the internal stress of 
water turning into steam.  
 
The new generation of dense castables possess better physical  properties such as heat insulat ion, 
abras ion res istance and res istance to chemicals,  s lags and alkal is .  Unfortunately,  these enhanced  
propert ies are at the expenses of porosity.  
 
Porosity is  however ,  the key of successful  drying.  
Low porosity means fewer escape routes for steam and water.   
A major amount of residual water remains in the refractory mixes as only about 1/4 of the mixing 
water is  needed for the hydraul ic bond.  
This water can be present in various forms namely a:  
 

- Free water which escapes at 100/110 °C 

- Physical ly /  chemical ly  –  bonded water (  Hydrate  shell  )  which escapes at 250 -350 °C 

- Crystal l ine-bonded water which escapes at 600 -650 °C  
 
Dry-out procedure must be performed then fol lowing a detailed curve which wil l  depend on 
quality/type of refractory castable s and the  thickness  of the l inings.  
General ly,  greater the thickness and higher the density of refractories longer the process.  
Dry-out never must be stopped or interrupted.  
In case of inevitable interruption, the refractory l in ing must be kept warm or it  must  be cooled 
down fol lowing the or iginal  curve.  
 
General  rules must be fol lowed as guidelines:  
 

- A nonstop hot air  f low must be across al l  the furnace to remove humidity  

- Mobile burner equipment is  general ly used for drying because furnaces/plants are usually 
not equipped with burners that cou ld regulate the drying in the lower  temperature range 
in such a way that the temperature progression could be successful   

- Until  650° C avoid to use free f lames direct ly to refractory l ining  

- Avoid as much as poss ible quick temperature changes.  
 
 
 
 

B 

LIN
CO escapescap

ormed trmed 
ble s and ble s and 

ess and hess and 
d or id or i

BAXO ac

y a:  a:  

°CC

er (  Hyer (  Hy

ss

SpAwater.   water.   
tory mixory mix



PRINCIPLES OF DRYING & HEATING UP

 

EUROPE CORPORATE HEADQUARTERS  
LINCO BAXO Group of companies  

Via C.  Boncompagni  51/8  I  –  20139 Mi lano  
Te l .  + 39  02  5520041     Fax   + 39  02  5694834 

e -m a i l  :  i n fo@ l i n cobaxo . com   
web  p age  :  www. l i n co baxo . co m  

 

 
 

Sec.7.1 
 

 

Issue 4 / May 2021          Page 2 of 14 

 
The dry out and heating-up of refractory lining involves more than following a heating 
schedule. Issues such as burner size and placement, exhaust location, air volume, air  
velocity,  thermocouple placements, etc.  must be addressed.  
  
This work is not always part of the services provided by the company installing the 
refractories.  
 
Linco Baxo recommends consulting an experienced dry out company  equipped with 
professional burner equipment.  
 

Some requirements must be fulf i l led to ensure successful  drying & heating up . These requirements 
are independent of the used heat ing medium. It  must be ensured that after instal lat ion of the 
refractory mater ial  no additional water,  for example rain,  tap water or similar,  enters the 
furnace/plant to prevent condensed water.  The fur nace/plant must also be protected against 
frost.  
 
The furnace/plant must be t ight .  In order to obtain sl ight excess  pressure, al l  openings must be 
closed that are not needed for the discharge of the hot gases. This is  particularly important to 
ensure that the incoming hot a ir  does not f low as streams without any effect through the 
furnace/plant .  In order to regulate this excess pressure, depending on the air  amount blown in,  a 
control valve should be instal led at the hot gas discharge locat ion. It  must be c onsidered that with 
the same cold air  amount and increasing temperatures the air  amount at  least doubles at  the 
standard drying & heating up temperatures up to 500 °C. This alone demonstrates how important  
and useful a control valve can be.  
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Preparations  
 
Drying & heating up is  prepared for as fo l lows:  
 

The supply l ines are set up or instal led,  

fans are set up,  

burners are set up or instal led in front of the defined openings,  

the thermocouples are instal led at the specif ied locations ,  

funct ioning of fans and thermocouples is  tested with a “cold operation test”,  

the t ightness of pipelines and supply l ines for gas,  oi l ,  and compressed air  is  tested and,  

the seals  of the vessel  are subjected to a visual  inspection.  

 
The fol lowing must  al so be checked in advance:  
 

How should the moist f lue gas (exhaust vapor) be discharged?  

Is  it  possible to discharge condensate,  can the b ui ldup of condensate be prevented?  

Is  there a seal ing-off  on the f lue gas s ide to  other parts of the furnace/plant?  

Are possibly pressure parts or boiler pipes f i l led with water or must sti l l  be f i l led with water? 
Then a new thermal (heat)  balance must be prepared.  

 
With complicated furnaces/plants it  may well  be necessary to conduct a r isk (danger) analys is and 
prepare a checkl ist  with the required testing steps (refer to Table A) .  
 
A suffic ient number of  f ire extinguishers must be located in the vicinity of the burners  
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check l ist/test ing l ist  for  heat ing  to dry a  furnace/plant  
order no:  pro ject:  
no.  Descript ion  of  check/test  respons ib i l ity  customer  checked  

by  
resu lt  

contractor   
1 Genera l      

1 .1  Dry ing & heat ing up  
regu lat ion (dry ing heat ing up procedure 
ex ists/approved)  

    

1 .2  Acceptance o f  the  refrac tory l in ing      

1 .3  F lue  gas d ischarge on  s i te  ( in  posi t ion)      

2 . Heat ing equ ipment  to  perform dry ing &  
heat ing up work  

    

2 .1  Conformity dec larat ion/CE  
 mark/permits  

    

2 .2  Cordon ing o f f  o f  burner areas      

2 .3  Number and type  of  burners according to  
drying & heat ing up procedure  

    

2 .4  Pos it ioning (arrangement)  o f  burners  
accord ing to  dry ing  & heat ing up  
procedure  

    

2 .5  Pos it ioning (arrangement)  o f  
thermocoup les accord ing to  drying  & 
heat ing up proc edure  

    

2 .6  Temperature record ing equipment  
checked  

    

3  Gas      

3 .1  Gas p ipe l ines/gas contro l  routes  etc .  
checked in  regard  to  t ightness ( leaks)  

    

3 .2  Permits  fo r  gas  hoses on  s i te      

3 .3  Gas pressure control ler  insta l led  ( i f  
requ i red)  

    

3 .4  Safety shut -o ff  device  instal led for  
spec i f ic  purpose  

    

3 .5  Funct ion test  of  gas contro l  routes and 
burners successfu l  

    

3 .6  Funct ion test  o f  safety features  on  
burner  equ ipment  successfu l  

    

4 . Safety measures      

4 .1  Cordon ing o f f  o f  sa fety -re levant  areas      

4 .2  Ext inguishers in  posi t ion with val id  
inspect ion st icker  

    

 
Table A: Example of a checkl ist/testl ist  for dry heating   
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Execution 
The burners are  posit ioned in such a way that the heating energy is,  for example,  guided through 
door openings or manholes into the inside of the furnace/plant .  The heating energy must r each al l  
areas, which are to be dried, and then flow out through the chimney of possibly and emer gency 
chimney.  As already mentioned, a ir  is  injected concurrent ly via the fan which mixes with the 
burner f lame. A f lame, which may poss ibly form direct ly at t he outlet (discharge) nozzle  of the 
burner,  may not impinge the refractory l in ing.  
 
In addit ion, the temperature in the immediate area of the burner must be kept within a l imit.  This  
can be achieved by having thermocouples  check the temperature directly in  the burner area.  
 
Endangered areas are protected with blankets out of ceramic/soluble wool or other heat  
insulat ion materials .  
 
Once the preparation work has been completed or the end customer has given his “go ahead”, the 
execution of  dry ing & heating up  can start  according to the drying & heating up curves provided 
by the supplier  of the refractories or by  the refractory  engineering company. The fol lowing 
guidel ines apply to establ ish a rough est imate of the dry ing & heating up per iod:  
 
Depending on the refractory materials,  there can be major  differences in regard to the 
temperature gradients.  Consequently,  only  recommendations are given here and the minimum 
requirements ment ioned.  
 
Up to 100 °C it  is  generally  not required to  adhere to  a specif ic  progre ssion of the temperature. 
Heat transmiss ion is  relatively low and the steam pressure cannot exceed 1 bar.  The drying & 
heating up speed of refractory mixes is  the fastest in the lower temperature range. Consequently ,  
it  makes sense,  i f  working with plastic  mixes,  to have holding t imes in the lower temperature 
range of 120 to 150 °C Table B given standard values and data  
 
type  of  mater ia l             Durat ion  

            h  
Curve  Sett in g and 

air  dr y in g 
t ime  

h 

plast ic  mixes ,  mouldab les and  ramming mixes  113  A  24  

dense,  standard refractory  castab les  112  B  24  

insulat ing refractory castables  112  B  24  

dense refractory  castables wi th  medium and low cement content  176  C  48  

sel f  f lowing (se lf - leve l ing)  dense refractory  castables  176  C  48  

FC  castables (L icodry )  69  D  12  

br ickwork out  o f  a lumina of  br icks -b locks-shapes  30  E  12  

construct ion  out  of  f i r ed i temized  mul l i te  and s i l l iman ite  shapes  95  F  24  

construct ion  out  of  f i red i temized  h igh a lumina  shapes  95  F  24  

construct ion  out  of  f i red i temized  z i rcon and z i rco n  mul l i te  shapes  96  G 24  

construct ion  out  of  unfi red i temized shapes  See underly ing castab les  

 
for temperature progression above 100 °C and poss ible wait ing periods between the end of l ining 
work and start  of the dying & heat ing up procedure.  
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The indicated temperatures should never refer to the surface of  the l ining but a lways to the hot 
gas or hot air.  This ensures a certain degree of safety because the temperature  in the material  is  
always behind.  
 
Refractory l inings usually consist  of various refract ories.  If  a l ining is  commissioned that has 
several  types of refractories one selects the temperature curve for the material  with the lowest 
permissible heating -up curve.  
 
However, the fol lowing always appl ies:  Drying & heating up should not start  24 hours  after 
working with ( instal l ing) refractory mixes,  mortars (an except ion to this are plast ic and ramming 
mixes) so that the setting (hardening) process is  not prematurely interrupted by temperature 
impingement.  
 
I f  there should be disturbances dur ing dryin g & heat ing up heat ing or heat ing -up, it  is  necessary 
to continue to increase the temperature starting at the temperature level  that ex isted at the end 
of the disturbance per iod.  
 
If  one goes through and already completed temperature holding period,  then i t  does not have to 
be repeated. I f  there is,  however, a disturbance during a holdin g period then one must go through 
the entire heat ing per iod once again.  
 
Cooling down must be done with extreme care because dangerous tensi le  stress can occur.  It  is  
not permitted to use water or ducted ( forced) air .  
 
The temperature are preferably  measured with NiCrNi -thermocouples.  Higher  temperature should 
be measured with Pt RhPt -thermocouples with shel l .  This ensures the fol lowing advantages:  
 

They are easy to handle and operate,  

the temperatures are precise ly recorded and  

due to their smal l  s ize  the refractory l ining is  hardly inf luenced.  

 
A thermocouple,  which records the waste gas temperature in the vicinity of  the burner,  controls  
the increase of the temperature.  
 
Furthermore, thermocouples located in located in various areas of the furnace/plant measure the 
f lue gas temperatures and continuously record them with a temperature pr inter.  The measuring 
location must  be arranged in such a way that the measured values (c ounts)  are not falsi f ied 
upward or downward by direct f lame radiation or shadow areas.  
 
 
 
 
 

red wied w
uples wituples wi

d operatd opera

ecise lyecise ly

BAXO g 

e becaue becau
d) air.  d) air.  

thth

SpAe holding e holding
a holdin holdin



PRINCIPLES OF DRYING & HEATING UP

 

EUROPE CORPORATE HEADQUARTERS  
LINCO BAXO Group of companies  

Via C.  Boncompagni  51/8  I  –  20139 Mi lano  
Te l .  + 39  02  5520041     Fax   + 39  02  5694834 

e -m a i l  :  i n fo@ l i n cobaxo . com   
web  p age  :  www. l i n co baxo . co m  

 

 
 

Sec.7.1 
 

 

Issue 4 / May 2021          Page 7 of 14 

In order to avoid any inf luence by the walls  while measuring the temperature, the thermocouples 
must project 80 to 100 mm into the furnace chamber.  They may not be in contact with the 
refractory l in ing. The temperatures of specif ied reference measuring locat ions are decisive for 
temperature regulat ion/control.  
 
Further cr iter ia are mentioned here below as an example:  
 

Drying must be done by experienced personnel!  

The company performing the dry ing work must establish a procedure that has to be approved.  

The arrangement of the thermocouples is  given.  

With excessive steam buildup the temperature must be held unt i l  the buildup of steam 
discont inues.  

 
Further specif icat ions required  

that the hot gas volume being guided through the furnaces/plant must be sufficient in order 
to prevent condensat ion and  

 

that the burner  is  operated with at least 50% excess air .   
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Typical  Heating up Curve for plastic  mixes,  mouldables and ramming mix  
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Typical  Heating up Curve for dense,  standard refractory castables  

and insulating refractory castables  
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Typical  Heating up Curve for LC,  ULC,  self  f lowing castables  
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Typical  Heating up Curve for FC castables (L icodry)  
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Typical  Heating up Curve for brickwork out of alumina bricks-blocks-shapes  
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Typical  Heating up Curve for  construction out of f ired itemized mull ite,   

s i l l imanite and high alumina shapes  
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Typical  Heating up Curve for  construction out of f ired itemiz ed  

z ircon and zircon mull ite shapes  
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fter it  is  instal led, the l ining must be inspected to confirm that it  conforms to the design 
requirements and to ensure that  it  can withstand the condit ions under which the unit  wi l l  

operate.  
 
The l ining should be inspected only by experienced engineers .   
Inspection must be v isual and audio (by using a  test hammer) and is carr ied out after both normal 
air  drying and f ir ing dry -out.  
 
Visual  Inspection  
 
Visual  inspect ion should reveal is  cracks or local  concentration of cracks have formed. If  cracks are 
found a decis ion becomes necessary to decide whether they are such that they are l ikely to 
adversely affect the normal operation of the unit .  
 
Repairs should be made to areas containing cracks each wider tha n 3 mm. as well  as complete areas 
having random cracks up to about 3 mm. width but which are within 300 mm. of each other.  
 
Irrespective of  this width,  repairs should be made to areas,  where cracks criss -cross forming 
“blocks” that are l ike ly to fal l  off  with t ime/temperature.  
 
L inings in general tend to m ove more on heat up and as a result  tend to develop more cracks on 
cooling.  
 
Visual inspect ion is required to further ensure that  the l ining f inish is  satisfactory and that  its  
dimensions are correct.  
 
The sizes  and posit ions of  the expansion joints  must b e inspected and conf irmed correct.  This 
inspection should also reveal i f  expansion joints  have become infi ltrated in any way with foreign 
matter.  Such matter might resist  the normal movement of the l ining therefore it  is  necessary that  
any joint  so affecte d be cleaned out and repacked with the correct  material .  
 
Audio Inspection (Hammer Test)  
 
This type of inspection is  general ly  referred to as a Hammer test.  It  involves the practice of striking 
the l ining over its ent ire area with a ball  point machinist  ha mmer having a recommended weight of  
450 grams. The l ining is  struck according to various but specif ied grid patterns.  
 
For example a roof might be struck at 600 mm. intervals whi le s ide walls  and f loor at 900 mm. 
intervals.  
 
Hammer testing wil l  indicate w hether or not a l ining is  homogeneous. An experienced ear wil l  
determine,  in more detail ,  faults which might cause a l ining to collapse such as  voids and 
delaminating etc .  
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When struck with a test hammer, the sounds emitted are more clear ly dist inguishable  in f ired 
l in ings rather that in those only natural ly a ir  dr ied;  therefore,  after dry -out,  faults are  more easi ly 
located. For multi - layer l in ings,  the hammer test should be conducted on each layer:  after the 
curing of the back-up layer (s) .   
 
I f  sounding indicates the presence of an abnormality in  an area greater  than 150 mm. x 150 mm.,  
this area must be repaired. Also al l  soft  or  dry f i l l  areas that reduce the effective l ining thickness 
by more than ¼ of the original  thickness or i f  more than 13 mm. deep.  
 
I f  the area of defects  -  i .e.  voids,  “dry f i l l” ,  cracks wider than 3 mm., or any defect in  designated 
crit ical  surfaces –  is  found to be more than 35% of the total  l ining surface, it  i s  usual that the 
entire l in ing is  replaced.  
 
The inspector or the Owne r’s  Engineer wil l  make the decis ion on replacement.  
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f  inspection reveals defective areas as previously defined greater  than 150 mm. x 150 mm.,  the 
ful l  thickness of the defective c astable layer must be removed for  a minimum area that includes 

3-4 anchors.  
 
Care must be taken in the removal of the faulty m ater ial  that  the surrounding sound l in ing is  not 
damaged and neither,  i f  it  is  present,  the back -up l ining.  
 
The removal of the refractory c astable should progress at a small  angle to the shell  and the 
periphery of any repair be located mid -way, between anchors.   
 
The area being repaired should be cleaned of al l  loose c astable and debris and the adjacent sound 
material  thoroughly wetted before any new c astable is  instal led.  
 
Only the same castable as or iginal ly employed should be used for  replacement and w herever 
possible,  particularly in large areas,  the same instal lat ion method as was original ly used.  
 
Where repair to only a random crack is  necessary the ful l  thickness of l in ing should be removed for 
an area same 120-150 mm. each side of the crack and par allel  to it ,  total  length 240-300mm. 
 
 It  is  recommended that if  poss ible some auxil iary anchors should be instal led along the area being 
repaired,  in order to have a new longitudinal  and transversal  anchor pitch of about 200 mm.  
 
The new castable  should be cast  using forms made of boards propped and fixed again the sound 
castable  surface.  
 
When areas after dry ing out  are  found to have a soft  surface the defective mater ial  need to be 
removed and replaced only if  it  is  considered that suff icient materia l  wi l l  become disengaged to 
adversely affect the normal operation of the unit .  
 
I f  replacement is  considered necessary the removal shall  be accomplished by scraping the soft  
castable  unti l  sound material  is  encountered.  
 
The removed l in ing thickness may be les s than the l imits defined in section 7.1. I f  i t  exceeds these 
l imits the defective area shall  be re instal led entire ly  unless it  is  confirmed that  the reduced l ining 
thickness wil l  meet the entirely unless it  is  confirmed that the reduced l ining thickness w il l  meet 
the designed insulat ing propert ies satisfactori ly.  The Inspector or the Owner’s Engineer,  however,  
might re ject this demonstration and request the repair of that affected area of the l in ing.  
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Curing, air  dry ing and dry -out procedures for repaired areas are the same descr ibed in the section 
4.1,  4.2,  6.2. For small  repairs ( less than 3 m 2),  accelerated procedures i f  required may be 
discussed with L inco Baxo refractory specia l ists.  
 
 
 

         
                              Insulating refractory l ining reparation  scheme 
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or quality testing of consignments of  refractory c astables,  sampling involves the selection of  
relatively small  quant it ies of mater ials which must be considered to be representative of the 

total  consignment and from which test -pieces may be prepared under closely controlled laboratory  
condit ions (PRE-INSTALLATION TESTS) .  
 
In addit ion, it  is  often the case with refractory c astables that laboratory testing is  required of test -
pieces which are prepared on the site of  an instal lat ion. This  is  done in order t o gain some 
appreciat ion of the quali ty of l in ings which may be instal led under site condit ions very dif ferent 
from those encounters  in a  laboratory and which are sometimes far  from ideal  (AS INSTAL LED 
TESTS) .  
 
After the instal lation, visual and audio  (ham mer test ing) inspect ions are the common non -
destructive tests of a  l ining (AFTER INSTALLATIONS TEST) .  
 
The amount of sampl ing and the extent of testing must of necessity be a compromise between 
customer and supplier .  
 
The total  quant ity of castable  involved in a part icular project and the t ime that is  avai lable for 
physical ly  testing samples,  reporting results ,  review and the grant ing (or otherwise) of approval are 
important considerat ion in deciding the maximum amount of testing that  can be accommodated, 
both by the testing laboratory involved and by the rate of instal lation desired.  
 
It  is  essentia l  therefore that the propert ies to be tested and the number of tests required be 
agreed at the t ime the c astable  materia ls  are ordered.  
 
The test methods used are those accepted by al l  countries such as ASTM, DIN, AFNOR and JIS.   
Usual ly  L INCO BAXO carries  on  an in-house test method  based on ASTM standard developed for a  
specif ic  purpose .  
 
L INCO BAXO normal policy is  to hold themselves ready for discussion wit h their c l ients  in order to 
agree a mutually accepted plan.  
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inco Baxo operates a Corporate Qual ity/Assurance Policy,  part of which dictates  that al l  
products made at their plants be tested,  approved and released for shipment only  on the 

authority of the same Qual ity Control Manager  for  the part icular  plant  a t  which the product  is  
made as per ISO 9001:2015..  
 
The very f irst  stage of  quality control  concerns the suitabil ity of the raw materia l s that need to be 
employed. The properties required of al l  raw materials are covered by a stringent  Linco Baxo 
Purchase Specif ication which is  imposed on al l  suppl iers .  In spite of this,  al l  incoming materia ls are 
tested on arrival  at  the plant before being accepted for  c astable production.  
 
The blending of the raw materials is  PLC monitored at any t ime is then possible raw m aterials  
tracking as per quality and batch as per formula, which el iminates the risk of quali ty fai lure at a 
later stage due to init ial  incorrect blending. Thereafter each shift  of product ion is  routinely 
control led by the laboratory for sieve analysis,  wa ter/mix ratio ,  cold compressive strength and 
permanent l inear  change.  Period tests are  carried out  at var ious intervals on chemical  analys is,  
thermal conductiv ity,  thermal shocks res istance, modules of  rupture ,  abrasion resistance, 
refractor iness under lo ad and when appl icable res istance to effects of CO dissociat ion.  
 
For large project,  pre delivery testing may be performed in Linco Baxo laborator ies in the presence 
of a customer’s inspector or his nominated representat ive on samples selected at random fr om 
materials await ing shipment. By uti l is ing such a procedure the entire process of sampling, specimen 
preparation, testing and acceptance can be achieved under the most ideal condit ions.  
 
Should a project cal l  for a part icular requirement,  customer’s engi neers are invited to l iaise with 
Linco Baxo special ists in the init ial  stages of  the contract  in  order to arrive at a  mutually  acceptable  
sampling plan and testing procedures for the required materia ls prior to shipment.  
 
Panel test –  Gunning application 
 
A part icular example of pre -instal lat ion testing is  the gunned panel test which is usually employed 
to qual ify the compatibi l ity of gun operators  along with their equipment for a part icular  concrete.  
 
With gunned appl icat ions, panel tests are  imperative an d are made prior to the actual l in ing 
placement. Each operation should gun at least one panel of each concrete to be instal led. The test 
panel must always be produced with the same gun equipment that wi l l  be used under site 
condit ions.  
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The size of the panel shal l  be 900 mm. x 900 mm. minimum and having a depth, the same as the 
l in ing to be instal led.  
 
The test panels are gunned in the vertical  posit ion with the nozzle  of the gun equipment held 
approx 1 m. from the panel surface.  
 
The panel should be  produced in accordance with the gunning procedure as in section 3.3.  
The panel should be cured for 24 hours,  then dr ied at 105°C. for a  further 24 hours.  The integrity of 
the panel is  checked by hammer test (sect.  7.1) and its density establ ished. A sound  panel having 
density within acceptable l imits wil l  serve to  qualify the operator  and his equipment.  
 
At the discretion of the customer or his representative the panel may be cut  into 4 pieces for 
internal examinat ions for inc lus ions and laminat ion.  
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est  pieces prepared on site are often on accepted standard dimensions, but specimens are 
sometimes preferred by some engineering companies or plant owners.  The object of this type of 

test piece is to be able to sample a monolithic l ining in order to ass ess its qual ity without the need 
of core dri l l ing or cutt ing the complete l in ing.  
 
The process employed is,  in  effect ,  the product ion of test pieces in the same manner,  as c lose as  
possible as the l ining instal lat ion proper.  
 
General ly agreement is  reached  by the interested parties of a  project that  test pieces be fabricated 
from batched mater ia l  which has been prepared for instal lat ion.  Sample test pieces are taken at 
t imes corresponding to instal lat ion of various sections of the l ining and marked accordin gly ( if  
preferred, the sampling may be based on shifts worked).  
 
L inco Baxo suggest the fol lowing sampling method at site:  
 
Application by casting  

One sample per sect ion of the l ining (or per shift)  for each quality for each product ion batch of 
castable  being instal led is  taken during actual instal lation.  
Each sample shall  comprise three 50 mm. ± 0.4 mm. (or 2” ± 1/64) cubes which are cast in approved 
metal  or plastic moulds,  the required quantity of c astable being taken from the material  which is  
being instal led. The cubes are cured, careful ly  coded and marked and the codes indicated on 
drawings of the l ining. Also recorded should be the type of c astable instal led in that part icular 
posit ion.  
 
Application by gunning  

One sample per  section of l ining (or per shift)  for each qual ity of concrete being employed is taken 
during instal lat ion. Each sample of concrete consists of three specimens 114x114x64 mm. ± 1.0 (or 
4” -1/2x4” -1/2x2” -1/2±1/32).  
The concrete required for the tests is  obtained from a panel 600x600x7 5 mm. which is  gunned by 
each gun operator working the particular l in ing section (or shift) .  The concrete is gunned into a test  
box (from 25 mm. t imber or 3 mm. thick metal plate) which is r igidly mounted in a vertical  posit ion 
with the gun nozzle  held app rox. 1 m.  from the sample box (see section3.3) .  The panel  is  produced 
sl ightly over 75 mm. and f inal ly careful ly tr immed back.  
A section approx 300 mm. square is  cut for the ful ly  depth from the middle of the test panel before 
the concrete f inal ly  sets,  it  i s  cured in a plastic bag coded and recorded for future use.  
Should test ing be required specimens shall  be cut out with a diamond saw, dried at 105°C. and 
tested.  
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L inco Baxo consider this preparation of panel acceptable believing the panel to be suffic ient ly 
representative of the actual l in ing. However,  preparation of specimens by success ive diamond saw 
cutting may introduce micro cracks and stresses  in the specimens being cut.  The strength 
comparison of such specimens cut to 50 mm.,  with that of cubes cast in the same concrete should 
al low for an addit ional variation of  say 10% to accommodate possible weaknesses introduced by 
sawing.  
 
 
Properties to be tested on cast or gunned specimens depend on many factors such as type of 
equipment,  type of  l in ing, serv ice condit ions. Another factor  which might  be introduced depends on 
whether the castable has been delivered as two components-mix.  
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variety of pieces -  such as burner blocks,  peephole and support blocks,  baffles,  dampers,  etc.  
 are often pre-cast in moulds in the shop using a vibrat ing table instead of an immersion poker.  

Metal moulds are preferred, but wooden moulds with special  c oating on the internal surfaces may 
be used. Moulds shall  be designed to a l low easy casting and str ipping of the pieces and shal l  be 
suff iciently strong to  withstand vibrat ion cycles.  Care must be taken that moulds are securely 
clamped to obtain the maximu m amount of vibrat ion.  
 
In the design stage of  moulded shapes, special  attent ion must be provided to  be sure that  pieces 
can be manufactured by casting;  this means that the shape shall  be such that it  is  possible to 
remove it  from the mould, possibly modif ying the design of the shape i f  the problem cannot be 
solved with the design of the mould.  
 
For large series,  lost burnable moulds -  or  cores -  may be foreseen: the mater ial  ca be cast and 
cured in the moulds, then drying and fir ing of material  and moulds together can be made. In such a 
case, a cheap method to produce the moulds -  for instance, in polystyrene -  must be available.  
 
Mixing, casting,  curing drying and heating instructions for shop moulded pieces are the same as 
already descr ibed. However,  for  economical reasons,  i t  is  advisable that the shop be adequately 
equipped with paddle  mixers,  batter ies of vibrat ing tables,  a curing room, dr ier and furnace of 
suff icient capacity .  
 
The shop must be clean, having a proper potable water supply and exhaust system. The shop should 
be maintained at a  convenient  temperature and provided with storage faci l it ies for the moulds.  
Ski l led labour is  imperative.  
 
After the stripping of  one cast piece the mould must be carefully  cleaned, oi led and prepared for 
the next  cast ing.  Al l  L inco Baxo castables  normally permit manufacturing of two pieces per  day 
using the one mould (excluding the night shift) .  
 
This must be kept in mind when deciding the number of moulds to be provided to meet contractual  
delivery schedules,  not  forgetting the t ime for curing, drying and -  i f  required -  f i r ing the pieces, 
plus a reasonable a l lowance for any product ion losses.  
 
In some cases with dense c astables -  mainly when the quantity of pieces combined with a short 
delivery t ime results in a larger number of moulds that would greatly affe ct the total  cost of the 
piece -  it  may be convenient to select one of the Linco Baxo vibrated c astables which al low high 
frequency stripping, thus l imit ing the number of moulds.  
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Al l  L inco Baxo dense vibrated castables  require less than 6% mixing water:  in  spite of this low 
quantity,  the dry ing and f ir ing operat ions of the pieces require specia l  care to avoid cracks and 
explosive spal l ing,  unless the quick -heating types of castables have been chosen.  Even more 
important than for normal casting, ski l led operators are imperat ive for manufacturing of vibrated 
pieces.  
 
For best results  L inco Baxo special ists  should be contacted at the beginning of every  shop operat ion 
of moulded pieces manufactured with L inco Baxo castables and in some cases the visit  of the 
specia l ist  to the shop may be benef icia l .  
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Fired br icks  & blocks ,  back up insulat ion materials  ,  anci l lary  items and metall ic  parts shall  be 

stored in a covered warehouse  
 
They have to be kept  in homogeneous groups and orderly arranged in di fferent bays.  
This wi l l  provide easy ac cess and faci l itate inventory report as the job is progressing.  
 
We strongly suggest to keep expensive stainless steel  components in a locked warehouse.  
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Certain basic exist for the bricklaying of refractory bricks. They generally apply for all designs and construction parts. 

These rules can be summarized in the “ten rules of the “furnace construction worker”. 
 
1. Refractory bricks must be laid horizontally unless the design of the furnace or plant requires inclined positions or 

inclinations as is the case for crowns of inclined parts. 
 
2. The construction dimensions in the design drawings must be always be observed by taking the indicated tolerances 

into consideration. The fists layer (course) must be installed with extreme care, aligned and checked before giving 
the “go ahead” for further bricklaying work. 

 
3. All joints must be filled with the prescribed joint material. Thicknesses of the joints must be observed taking the 

indicated tolerances into consideration. 
 
4. All joints must be completely filled over the entire surface with the joint material. This is only possible if the brick is 

“rubbed” intensely being laid. It is not permissible to apply the mortar with a “collar” because there is the danger 
of hollow spaces forming in the joints.  

 
5. If, due to size tolerances of the bricks, the prescribed joint thickness cannot be accomplished, the person 

responsible for the refractory design will have to decide if it is possible to deviate from the given joint thickness. 
Other measures include sorting or sorting out of bricks shapes, finishing the bricks or changing the shapes in 
exceptional cases. 

 
6. The brickwork must be kept clean, specifically the expansion joints may not be contaminated. 
 
7. Already laid bricks can only be aligned in the direction of the bed or vertical joint. 
 
8. Readjustment is not possible if the mortar has started to harden to a greater degree. Bricks not placed correctly 

must be removed, cleaned, and installed again with fresh mortar. 
 
9. Bricks with signs of spalling, cracks or slight inclusions may only be installed if these damages are insignificant or 

within the acceptable tolerance range. This also applies for the rear side of the brickwork and for the brickwork 
behind. The criteria for the acceptance are indicated in the specifications or must be agreed upon mutually by 
contractor, manufacturer and party placing the order before the start of lining work at the construction site. 

 
10. Brickwork out of refractory materials must be designed in such a way that no hollow space forms. Dust or fly ash 

can penetrate hollow spaces. This results in uncontrolled buildup of pressures which may destroy the brickwork. 
Damages can also occur by roaming gases. 
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The following know-how must be taken into consideration in refractory engineering before actually starting 
erection/installation of brickwork: 
 

Measure, check and compare the construction components with the installation drawings before start of work. 
 

The first layers must be installed and aligned very precisely to avoid unnecessary cutting work and to obtain 
uniform joint thickness. It specific cases it may even be required to stall a few layers dry in advance. 
 

If the brickwork consists of multiple layers it is best to work section by section; for example from support to 
support or from expansion joint and to install one layer after the other. This is especially recommended if the 
individual brick layer consist of different refractory grades and must be installed with different mortars. 
 

If in brickwork consisting of several layers the individual layers are separated by sliding joints, it is very important to 
ensure that everything is kept very clean. Preliminary damage can occur quite easily if the relative movement is 
impaired by dirt or mortar bridges (pieces). 
 

If the steel walls of the furnace casing are not level, then the brickwork must be adjusted to the shape of the steel 
walls if the deformations only consist of slight waves that are not too deep. The bed joints must be maintained in 
absolute horizontal position. The bricks will then protrude in the form of steps. If, however, the operation 
conditions of the furnaces call for an absolutely level brickwork surface on the hot side (inside), the deformations of 
the furnace casing must be filled with unshaped refractories (monolithic). 
 

If the bricks are cut, the given joint thickness must also be considered at the cut edge. For the key (fitting) bricks in 
crowns and rotary kilns there always is a minimum thickness requirement of 40 mm which must be observed. 
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Mixing (For dry mortars) : 
 

Use drinking water if no other bonding liquid is indicated 

Use clean tools and containers. 

Use the whole content of a bag or, using parts of it, thoroughly mix the whole bag content  before. 

Regulate the working consistency desired by addition of drinking  water in a range of ± 10 % of the indicated amount  

Paddle mixer is recommended. 

Smaller amounts are mixable with putty knife or trowel. 

Mix hydraulically and highly reactively bonding mortars with water in small portions up to 20 kg and process them 
within the lifetime of 30 minutes. 

Let ceramic bonding mortars stand for 1 h after water-mixing. 
 

Mixing (For wet mortars) : 
 

Wet  mortars are supplied in buckets and are already mixed. If the wet mortar is segregated as consequence of ageing 
it might be restored by mixing with a drill. 

 
 
Preparation of the underlayer: 
 

The surfaces to be coated with mortar must be free of dust and dean. 
Pre-watering: for hydraulically bonding mortar required 

 for ceramic bonding mortar permitted 
 for chemically bonding mortar prohibited 
 
Processing: 
 

Processing temperature 5 °C min. 

Joint width shall not exceed 2 mm. 

Evenly spread mortar onto the surfaces to be joint and then insert the brick. 

Throw away the set mortar residues. 

Use clean working  tools. 
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Processing of coating mix: 
Coatings, protective layers are always only required if the untreated original material will not resist the expected stress in 
service. 
The surface protection itself will be damaged over a long period of time, for example by thermal stress, but in most cases 
increases the service life of the underlying material 
 

Processing temperature 5 °C min. 

Follow tailored instructions for mixing  

Evenly spread coating mix onto the surface to be protected 

Throw away set mortar residues. 

Use clean working tools 
 
 
First heat-up: 
 

For hydraulically bonding mortar wait ~ 24 h. 

The heating-up curve does not depend on mortar type, but on the nature of the whole lining. 
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General  
Working with ceramic fiber materials and high temperature glass fibers (AES fibers) requires the 
employment of expert personnel with experience in work procedures. They must be able to work 
with the special tools which are occasionally required.  

The metallic anchoring elements are positioned with stud welding equipment. The construction 
plans showing the arrangement of the anchoring elements and the instructions for positioning the 
modules must be precisely observed. If this is not the case, faul ty installation will  effect open joints 
or leakages leading to impermissible overheating of the furnace casing (shell).  
 
Wallpapering, Veneering  
Wallpapering or veneering is the covering and gluing of ceramic fiber modules on the hot side of the 
refractory lining. This technique can be applied for new constructions as well as for furnaces 
already in operation. In the latter case the brickwork must first be checked to see if it can serve as 
gluing surface.  

Adhesive (glue) on brickwork with low strength is critical, for example on Insulating refractory 
bricks of ASTM groups < 28 and various insulating refractory castables. With these materials the 
wallpapering/veneering materials to be installed must often be anchored in addition.  

The surface must be free of dust, coatings, loose particles. Cleaning is best accomplished by 
applying liquids or brushing. Glazed surfaces must be prepared by blasting or chiselling off the 
glaze. Greater unevenness must be rectified before the start of work. The fiber elements ca nnot be 
glued in place until the equalization layer has completely dried and hardened.  
The type of adhesive used and adhesion will depend on:  

- condition and make of the surface.  
- shape of module and type of fiber,  
- temperature of the construction pa rts to be worked on,  
- ambient temperature at the construction site and,  
- expected operation temperature.  

The adhesive (glue) must have the correct consistency for installation before being placed with a 
trowel or spatula on the refractory wall or modul e surface. Depending on the type of module. the 
modules are aligned in rows, positioned precisely and pushed down tight by hand or with a 
board. The modules are offset or each module turned by 90°.  
 
Layer Design 
If ceramic fiber materials are installed in layers, it will first be necessary to apply the anchoring 
plan to the steel-sheet casing (shell). The anchoring elements must be fixated at right angles 
on the casing (shell). If this is not the case, great difficulties will arise during installation work.  
If holding studs are used with nubs, it is important that the nubs point in one direction.  

Mats, blankets, plates and felts are installed with installation clips so that they do not sag on 
roofs and sit tight on walls. Ceramic fibers on walls should be i nstalled in a horizontal direction 
in order to prevent them from sagging under their own weight. Vacuum -shaped fiber products 
can be installed in horizontal or vertical direction.  
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The ceramic caps or heat-resistant metal end clips are not installed until the final layer has 
been positioned. If using ceramic caps, in order to simplify installation work the fiber 
blankets/mats can be cut out in the area of the holding studs (cut to shaft length of the 
ceramic cap) or a cut is made in the blanket/mat having t he shape of an x. Before positioning 
the uppermost fiber rolls, the holding studs are to be extended intermittently with auxiliary 
studs.  

After installation of the fiber material, all holding devices and end clips must be checked to see 
if they fit tightly. If the holding studs are welded correctly, a visual check is easily possible. If 
mounted properly, the clips are arranged in the same direction. The same applies for the 
direction of the markings on the caps.  

The vertical joints of the individual layers should be staggered. At the impact spots of the rolls,  
the blankets/mats are compressed or overlapped.  

 
Fibre Modules   
The most commonly used module is the so -called strip module. It is fixated mechanically or 
glued. In order to safely secure the adhesi ve embedment, a stretch metal suited for the 
existing temperatures is attached to the steel casing (shell) with wire nails or by spot welding. 
Once positioned, the modules may no longer be pulled out of the embedment.  
Flexible ceramic fibre modules are ge nerally fixated directly on the steel casing (shell). The 
anchoring elements are welded or screwed to the steel casing according to a given installation 
plan. They are either integrated in the modules or are fixated according to the comb -anchor 
system. The modules are positioned in such a way that the individual layers point in the same 
direction During installation the modules must be installed in compressed state depending on 
the given set-up and fixation elements.  
Furnaces l ined with fibre materials must  be inspected before commissioning as part of 
preventive maintenance procedures and to keep the shrinkage joints closed. One design 
possibility to prevent shrinkage joints is to insert compensation strips out of premium -grade 
aluminium oxide fibres between the module rows. 

 
Coatings  
Coatings can protect the surface of construction parts made out of ceramic fibers. The 
instructions for preparation and use provided by the manufacturers contain more detailed 
information.  
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Wet mortars are suited for firm laying , mortaring or gluing refractory and insulating bricks as well     

as precast shapes.  
They have different compositions out of fine grain aggregates and binders which are formulated to suit 
a specific brick or application.  
 
They are supplied wet ready to use  in plastic buckets.  
Generally there are two types:  
 

- Mortars which set upon being subjected to higher temperature and harden as a result of a 
chemical or ceramic bond 

- Mortars which set upon contact with air and harden as a result of chemical bond at room 
temperature  

 
Bricks shall not be pre watered when wet mortars are used.  
 
The surfaces of bricks shall be free of dust.  
 
Use a clean spatula as a trowel to spread uniformly  for about 1 minute the wet mortars as joint  
material on the bricks.  
 
Insert the trowel into the bucket and take a quantity of about one third to cover the spade of the 
trowel  
 
Keep minimum joints widths, max 2 mm.  
 
Processing temperature min 5 °C 
 
Temperature above 45 °C accelerates  the hardening of air setting wet mortars  
 
Throw away set mortars residues  
 
After use of wet mortars clean working devices because removal after bonding is difficult  
 
These instructions shall be followed also for associated products such as coatings . glues , patches were 
applicable .  
 
Some superfine coatings , such as KWG 311 , LICOGLUE , BAXOCOAT can also by applicable by brushes 
or spraying when used as protective of lining or steel case.  
 
Ask detailed instructions to a Linco Baxo specialist . 
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