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1 PURPOSE OF THE REFRACTORY LINING

The main purpose of the refractory lining is to 

· protect the covered tubes from erosion

· restrict heat transferring from flue gas to the tube crown and to media side fluid according to process dimensioning 

2 SYSTEM description

2.1 General Design Requirements

The general design requirements of the refractory lining are as follows:

The refractory lining is designed for required MCR load and for all the fuels defined by the contract.

All parts of the lining will be designed, dimensioned and drawn up according to FW design standards. The drawings will be unambiguous and comprehensive and all details affecting the installation and construction of the lining will be clearly visible. Instructions for installation are presented on the drawings. All selections that affect materials, constructions or final result will be done by the designer and be clearly seen on the drawings.

Refractory lining will be installed according to FW quality requirements. 

2.2 Mechanical Description

2.2.1 Boiler areas to be refractory lined

Boiler areas to be refractory lined are: lower furnace, lower part of wing walls, upper furnace (part of roof and walls around separator inlets), separators, return legs, Intrex chambers and cross-over ducts, and also minor areas in convection cage. 

Table 1 shows refractory thicknesses, material types to be used, and anchoring methods in each boiler area to be refractory lined. In addition, there are a lot of openings to be refractory lined, see Table 2.

All refractory materials will be suitable for that particular part of the boiler as to the abrasion resistance, chemical stability and installation methods of the materials. Especially high alkali resisistant refractory materials are needed due to biomass to be burnt in the boiler.Thermal conductivity of refractory materials is according to performance calculations of the boiler.

2.2.1.1 Furnace

Areas in the furnace to be covered by refractory lining are: bottom (grid), lower walls, lower part of wing walls, part of the roof and separator inlets on furnace side.

There is a step grid at the bottom of the furnace (grid). There is multi layer refractory in the grid. Top layer thickness is 80 – 100 mm with low cement castable (LCC) having step shape and at the bottom there is light weight castable. In front of air nozzles, except those just around ash drains, there are extremely high abrasion resistant bricks to protect the nozzles in front. Ash drains at the bottom are also refractory lined. Refractory thickness on the membrane tube side walls of the ash drains is 50 mm from tube crown and on the plate end walls thickness is 80 mm. Refractory material for the ash drains is LCC.
Lower furnace walls are refractory lined up to kick-out level and refractory thickness is 50 mm from tube crown. Refractory material there is LCC. On front and rear walls there are steps cast by LCC over the grid to protect the grid nozzles from erosion close to the walls.
Lower part of wing walls, coming through the furnace front wall, is refractory lined. Thickness of wing walls refractory is 50 mm from tube crown. Refractory material is LCC. Also wall and roof boxes where wing wall tubes are going through the wall/roof are filled with refractory.
Furnace roof in front of the separator inlets will be refractory lined by LCC or gunning refractory material. Thickness of the lining is 25 mm from tube crown. Furnace walls around gas inlet ducts to separators are protected by LCC. Refractory thickness is 50 mm over tube crown.

Refractory lining on walls, roof and wing walls is anchored by studs welded to tubes. In the bottom ash drains there are studs on the membrane tube side walls and Y-anchors on the plate end walls. When castables or gunites are used refractory is installed into separate panels, typical size of each panel is 600 x 600 mm.  

Openings in the furnace will be cast by LCC. Inside wall boxes also insulation refractory may be used behind LCC. Hoods around start-up burners and fuel feed chutes made of refractory are protecting by-pass tubes of the openings as well as the burners and chutes against erosion. 

Internal circulating opening between Intrex chambers and the furnace will be cast by silicon carbide based refractory material. After casting the openings will be plugged by LCC. The openings are made for possible coal option in the future, then the refractory for plugging is removed.
By-pass tubes of openings are studded, in addition extra Y-anchors are needed in certain opening areas.

2.2.1.2 Gas inlet ducts to separators

Refractory on the walls of the ducts is LCC or highly abrasion resistant ramming mix. Refractory thickness on the walls is 50 mm over tube crown. 

Roof of the ducts is refractory lined by LCC, extremely high abrasion resistant gunning material or hydraulic bonded ramming mix and the bottom of the duct is cast by LCC. Refractory thickness of the roof and bottom is 25 mm from tube crown.

Refractory of walls, roof and bottom of the gas inlet ducts is anchored by studs welded to tubes.

2.2.1.3 Separators 

Refractory thickness on separator walls varies. On straight part of the walls refractory thickness is minimum 25 mm from tube crown but in front of the first impact corner refractory thickness is 50 mm. In corners refractory thickness is varying because corners are rounded by refractory using radius according to FW design standards. 

Refractory material on separator vertical walls is LCC or highly abrasion resistant ramming mix. On the sloping walls in the lower section of separators silicon carbide based castable having thermal conductivity of approximately 8 - 10 W/mK is used. Refractory thickness of sloping walls is 25 mm and corners are not rounded by refractory.
Refractory thickness of separator roof varies because surface of the roof will be smoothed having no steps. Minimum refractory thickness is 25 mm in the rear corner. Separator roof will be gunned by abrasion resistant refractory material or alternatively cast by LCC or rammed by hydraulic bonded ramming mix. 

Refractory on straight walls is anchored by studs welded to tubes as well as part of the roof with thinner refractory. Where refractory thickness exceeds 50 mm in the separator corners and on the roof Y-anchors are welded to fins. 

2.2.1.4 Return legs

Refractory thickness on the return leg walls is 50 mm from tube crown. Refractory material there is LCC or ramming mix. Refractory thickness of the bottom wall is 300 mm where is two layer refractory lining; 100 mm LCC at the hot face and insulation refractory below.
Refractory on walls is anchored by studs welded to tubes.

2.2.1.5 Intrex chambers

Walls of Intrex chamber will be cast by LCC and in the upper part of the walls above Intrex tube coils also alternatively gunite or ramming mix can be used. Thicknesses on the Intrex chamber tube walls is mainly 50 mm over tube crown. On the rear wall, where SH/RH tubes are supported, refractory thickness is 15 mm. Refractory thickness of uncooled Intrex front wall is 300 mm where is two layer refractory lining; insulation refractory against the plate and 100 mm LCC at the hot face. Refractory thickness of the Intrex bottom is 88 mm over the tube crown. Refractory material is low cement castable (LCC). 

Refractory anchoring is carried out by studs welded to tubes on walls with 15/50 mm refractory thickness. The plate walls are anchored by Y-anchors. Also on side walls beside Intrex tube coils Y- or V-anchors are welded to fins in addition to studs on tubes. 

2.2.1.6 Cross-over ducts and convection cage

Cross-over ducts will be refractory lined by LCC or low cement gunning material. Also 500 mm of side walls and roof immediately after expansion joints in the convection cage are covered by similar refractory. 

Refractory thickness is 25 mm from tube crown. Anchoring is carried out by studs welded to tubes.

2.2.1.7 Expansion joints

There are expansion joints between separators/return legs and between cross-over ducts / convection cage. Width of gaps of each expansion joint formed by refractory is according to boiler movements. Gaps of the expansion joints between cross-over ducts/convection cage are filled with high temperature resistant wool to protect metal parts against sand and heat. Gaps at the bottom of cross-over ducts/convection cage are also protected by precast bricks over the bottom expansion joints to prevent sand going into the bottom gaps. 
In addition, there is a expansion joint in separator inlet ducts for compensating vertical and lateral movements of the boiler. Joint in refractory will be filled with ceramic paper and in addition the bottom joint will be protected by precast bricks. 
Refractory materials of the expansion joints are similar to the materials used elsewhere in the separator inlet ducts.
2.2.2 Refractory anchoring
Anchoring method, studs welded to tubes or anchors welded to fins, is specified for each boiler area in Table 1.

Studs are welded beforehand in the workshop except studs in assembly joints, which are welded at site.  

The size of the studs is ( 8 x 40 mm for 50 mm thick refractory and (8 x 25 mm for 25 mm refractory accordingly. Stud materials will be determined in the wearing and corrosion concept. Stud density and stud pattern in each boiler area is dependent on refractory thickness and tube pitch in that area.

Anchors for Intrex chamber uncooled wall are welded beforehand in the workshop by FW as well as anchors for the furnace bottom ash drains. All other anchors are supplied and welded by the contractor and welded at site. Note that there are many small areas where anchors are needed but not mentioned in Table 1. These additional anchors are also supplied and welded by the contractor. Anchor material to be quoted has to be alloyed steel, Avesta 253 MA or corresponding steel grade. Anchor patterns are determined case-by-case depending of refractory materials, anchor types and installation methods used.  
For some boiler areas, steel fibres are used in castable to increase thermal and mechanical shock resistance of the refractory lining. The areas where fibres will be used are, for example, refractory hoods around start-up burners and around fuel chutes. The amount of fibres is approximately 3 % of weight of the castable and the fibres must be uniformly divided in the mass. The steel fibre quality is corresponding to Fibertech ME 446.

2.2.3 High temperature resistant wools

In certain boiler areas high temperature resistant wools are needed to allow thermal expansion of boiler structures or to prevent gas or solid particle flow into some areas. Supply and installation of the wool is a part of the refractory installation. 

Alkaline-earth silicate wool will be used. Ceramic fibers classified by the E.U. as a category 2 carcinogen (‘substances which should be regarded as if they carcinogenic to man’) are forbidden and will not be used.

Table 1. Boiler areas to be refractory lined.




	
	Boiler area
	Refractory type*
	Refractory thickness from tube crown, mm
	Anchoring method


	Notes

	1
	Furnace
	
	
	
	1 pc

	1.1.
	Grid 
	LCC/LWC
	varies
	
	

	1.1.1
	Nozzle bricks
	LCC
	
	
	appr. 3350 pcs

	1.1.2
	Ash drains
	LCC
	50/80 mm (plate end walls)
	Studs /Y-anchors
	20 pcs

	1.1.2
	Steps on front and rear

walls
	LCC
	varies
	Y-anchors
	

	1.2
	Walls of lower furnace
	LCC
	50 mm
	Studs 
	thermal conductivity app. 1,4 W/mK**

	1.3
	Wing walls
	LCC 
	50 mm
	Studs
	11 pcs. Thermal conductivity app. 1.6 W/mK**

	1.4
	Furnace roof  (partly)
	LCC, LCG or ARG
	25 mm
	Studs
	thermal conductivity app. 1.4 W/mK**

	1.4.1
	        Roof header
	LCC, LCG or ARG
	50 mm
	Studs
	

	1.5
	        Refractory around flue      

        gas opening 
	LCC
	50 mm
	Studs
	thermal conductivity app. 1.4 W/mK**

	
	
	
	
	
	

	2
	Gas inlet duct to separator
	
	
	
	3 pcs

	2.1
	        Roof
	LCC, LCG, ARG or AAP
	25 mm
	Studs
	

	2.2
	        Walls
	LCC, ARP or AAP
	50 mm
	Studs
	thermal conductivity app. 1.6 W/mK**

	2.3
	        Bottom
	LCC
	25 mm
	Studs
	

	2.4
	        Expansion joint (for       

        vert./lateral movements)
	LCC
	           
	
	precast bricks over bottom expansion joint

	
	
	
	
	
	

	3
	Separator
	
	
	
	3 pcs

	3.1
	Roof 
	LCC, LCG, ARG or AAP
	varies, min 25 mm
	Studs /Y-anchors when refr. thickness exceeds 50 mm
	

	3.2
	Vertical walls
	LCC, ARP or AAP
	varies, min. 25 mm. In impact area min 50mm
	Studs /Y-anchors in corners 
	thermal conductivity app. 1.6 W/mK**

	3.3
	Sloping lower walls
	SiC
	25 mm
	Studs 
	thermal conductivity app. 10 W/mK**

	
	
	
	
	
	

	4
	Return leg
	
	
	
	3 pcs

	4.1
	Walls
	LCC, ARP or AAP
	50 mm
	Studs 
	thermal conductivity app. 1.6 W/mK**

	4.2
	Bottom
	LCC + LWC
	300 mm
	-------
	

	4.3
	Expansion joint
	LCC
	varies
	Y-anchors
	

	
	
	
	
	
	

	5
	Intrex chamber
	
	
	
	3 pcs

	5.1
	         Walls
	LCC, LCG, ARG, ARP or AAP 
	15/50 mm
	Studs, Y- or V-anchors on side walls beside Intrex tube coils
	thermal conductivity app. 2.4 W/mK**

	5.1.1
	         Uncooled front wall
	LCC + LWC
	300 mm
	Y-anchors
	

	5.2
	         Bottom
	LCC + LWC
	88 mm
	-------
	

	
	
	
	
	
	

	6
	Cross-over duct
	
	
	
	3 pcs

	6.1
	Walls, roof and bottom
	LCC, LCG
	25 mm
	Studs 
	thermal conductivity app. 2 W/mK**

	6.2
	Headers
	LCC, LCG
	50 mm
	Studs
	

	6.2
	Expansion joint
	LCC, LCG
	varies
	Y-anchors
	precast bricks over bottom expansion joint

	
	
	
	
	
	

	7
	Convection cage
	
	
	
	1 pc

	7.1
	500 mm on walls and roof
	LCC, LCG
	25 mm
	Studs
	


*LCC = low cement castable

ARG = gunite

ARP = heat set ramming mix
 LCG = low cement gunite

cast = castable
AAP = air set ramming mix
 SiC = silicon carbide 

LWC = insulation castable 
** according to ASTM C417 (500 (C)

Table 2. Openings, nozzles etc. to be refractory lined. Refractory material is low cement castable (LCC), in wall boxes also insulation refractory may be used.  

	Openings
	Number of openings
	Location
	Notes

	Access opening + protection plug 
	2 pcs
	Lower furnace
	 

	Access opening + protection plug 
	4 pcs
	Upper furnace
	

	Access opening + protection plug
	3 pcs
	Separator inlet duct
	

	Access opening + protection plug
	3 pcs
	Separator
	

	Access opening + protection plug
	9 pcs
	Return leg
	

	Access opening + protection plug
	6 pcs
	Intrex chamber
	

	Access opening + protection plug
	3 pcs
	Cross-over duct
	

	Access opening + protection plug
	18 pcs
	Convection cage
	

	Maintenance opening + protection plug 
	6 pcs
	Upper furnace
	

	Fuel feed 
	8 pcs
	Lower furnace 
	steel fibres to be added

	Start-up burner 
	8 pcs
	Lower furnace 
	steel fibres to be added

	Secondary air
	32 pcs
	Lower furnace
	

	Sand feed
	4 pcs
	Lower furnace
	

	Bottom ash feed
	2 pcs
	Lower furnace
	

	Sulfur feed
	3 pcs
	Lower furnace
	

	Pressure measurement
	n pcs
	Furnace, separator, return leg, Intrex and cross-over duct
	

	Temperature measurement
	n pcs
	Furnace, separator, return leg, Intrex and cross-over duct
	

	Fluidizing air nozzle
	n pcs
	Furnace bottom ash drain, lift leg
	

	Internal circ. inlet opening
	14 x 3 pcs
	Between Intrex and lower furnace
	SiC, steel fibres to be added. Plugged by LCC.

	Lift leg
	2 x 3 pcs
	Between Intrex and lower furnace
	steel fibres to be added

	Over-flow
	1 x 3 pcs
	Between Intrex and lower furnace
	

	Wall seal 
	4 x 3 pcs
	Between return leg lower part and Intrex
	

	Gas exhaust opening
	n pcs
	Between Intrex and lower furnace
	

	Wing walls wall box
	11 pcs
	Upper furnace 
	

	Wing walls roof box
	11 pcs
	Furnace roof
	

	Soot blowing
	40 pcs
	Convection cage
	

	RH I wall box
	2 pcs
	Convection cage
	width of the box same as width of the convection cage

	SH II wall box
	130 pcs
	Convection cage
	

	Ash drain
	2 x 3 pcs
	Intrex bottom
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