[image: image4.png]Industrial Solutions International
Fechrnical Office





OVERVIEW

The term ‘Castable’ refers to the large group of refractory concretes containing a hydraulic setting binder, such as calcium aluminate cement. 

They are generally supplied dry in bags and develop strength during the hydration of calcium aluminate immediately after the addition of water. 

The following instructions cover the basic principles of castable installation with specific reference to mixing, consistency, placement, formers and curing.

Mixing
All castable refractories should be mechanically mixed in a mortar or paddle mixer of 0.5 to 1.5 cubic metres capacity. This type of mixer ensures a rapid, thorough mix, and allows the discharge of the full batch with the added advantage of virtual self cleaning from batch to batch.

The mixer must be clean. Some substances found in dirty mixers may combine with the cement present in the castable and cause flash setting or otherwise lower the ultimate strength of the castable. The water used in mixing castable refractories must be of potable quality. In cold weather, warm water may be used to raise the temperature of the mix to between 16°C and 27°C; however, it should never exceed 27°C at the mixer. 

Commencement of mixing should utilise one-half to three-quarters of the total amount of water required for a batch into the mixer with the paddles turning, Add the dry castable in full bags to eliminate the risk of segregated components which may have occurred during transportation. If a partial bag is to be used, the contents should be carefully dry mixed beforehand. 

When the castable in the mixer has reached a uniform colour, add the balance of the required water in small increments until the castable reaches the casting consistency. It is important not to use more than the recommended quantity of water since ultimate castable strength is dependant on water content and low strength may result from excess moisture. 

Specific mixing instructions are given below for the Dyson Refractories range of castables.

Conventional Castables
For mechanical mixing, a clean, paddle-type mixer is recommended. Add one half to tree quarters of the required potable water to the mixer followed by the appropriate quantity of dry material and mix thoroughly to desired casting consistency. Water contents are listed on product data sheets. Dense castables should be mixed for a minimum of 2-3 minutes. 

Lightweight castables should be mixed for 2-3 minutes. To avoid breaking down the lightweight aggregate in the mix, do not over mix (i.e., beyond the point where proper casting consistency is reached). Excessive mixing will generate heat, decrease setting time, reduce strength and break down the aggregate.

The ‘ball-in-hand’ test ( ASTM C 860 -91) for cast installations provides a useful guide to proper consistency. When tossed 150 to 300 mm., a ball of properly mixed castable should adapt to the shape of the hand when caught. The ball should not flow through the fingers of break apart. Breaking may indicate insufficient water in the mix. Castables should be poured into the former immediately after mixing, particularly when being installed under high temperature and/or humidity. In no case should the time between mixing and casting exceed 30 minutes. Castables containing high purity calcium-aluminate cements should be placed within 15 minutes.

Low and Ultra Low Cement Castables
For mixing low and ultra - low cement castables, paddle-type or muller-type mixers are recommended to obtain effective distribution of the low water additions required for these products. Tempering water should be added conservatively and mixing continued for a minimum of 4 or more minutes. The longer mixing time will help distribute the low water additions. At any one time, only mix sufficient that can be cast within 30 minutes. 

The ‘ball-in-hand’ test does not apply to this type of castable, but at a proper consistency, a handful of material should begin to level and consolidate when shaken vigorously back and forth.

Ball in Hand Test
The ‘ball-in-hand’ test ( ASTM C 860 -91) for cast installations provides a useful guide to proper consistency. When tossed 150 to 300 mm., a ball of properly mixed castable should adapt to the shape of the hand when caught. The ball should not flow through the fingers of break apart. Breaking may indicate insufficient water in the mix. Castables should be poured into the former immediately after mixing, particularly when being installed under high temperature and/or humidity. In no case should the time between mixing and casting exceed 30 minutes. Castables containing high purity calcium-aluminate cements should be placed within 15 minutes.  
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Installation
To prevent premature loss of moisture from the mix, formers or moulds used for casting must be thoroughly oiled or greased. The ultimate strength of the refractory will be reduced by premature loss of water required for hydration of the cement. Casting should be carried out quickly enough to assure that the exposed surface of the castable does not dry out.

Shuttering
Shuttering may be either steel or wood, but in either case it must be secured. In the case of wooden shuttering, a minimum thickness of 20 mm. is preferred to minimise the absorption of the vibration energy. Wooden shuttering should be lightly oiled with a proprietary shuttering oil, taking care to remove excess. Penetration of oil into the castable will cause weakness of the castable.

Ultra Low Cement Castables
For ultra low cement castables, former vibration is the preferred installed method. This may be accomplished with clamp-on or bolt-on style vibrators with a minimum10,000vpm. Steel formers are preferable to wood formers since wood formers tend to dampen vibration. When used, wood formers should be treated to prevent absorption of water from the mix and if the castable is placed against existing masonry, the masonry must also be waterproofed. Immersion vibration must be used with care to prevent holes being left when withdrawing the vibrator from the castable. Extended vibration will segregate the components and weaken the castable.

Anchoring
If anchoring systems are to be used then these should be of a suitable grade for the operating temperature. Anchors should be placed a minimum of 25 mm. From the front face of the castable, and in the case of steel anchors should be lightly coated with a bituminous solution that will provide an expansion allowance during heating.

Conventional Castables
All high strength castables, but especially coarse aggregate mixes should be vibrated into place, . An immersion vibrator, with a minimum 10,000 vpm, should be drawn slowly up through the castable so it does not leave holes or channels behind. Should the vibrator leave holes during withdrawal the mix is too stiff. Extended vibration will segregate components and weaken the castable.

Generally speaking, construction joints will coincide with the expansion joints shown on the drawings of the installation. Whenever possible, an alternate bay system should be used in construction. The permits initial shrinkage to take place prior to installation of the adjacent sections, and reduces total linear shrinkage within the lining.

Curing
Upon mixing with water, an exothermic hydration reaction takes place with the calcium aluminate cement. Mixing and casting should always take place in ambient temperatures between 16°C-27°C., since the heat released from the exothermic reaction tends to increase the material temperature into the temperature range for optimum development of strength.

The heat released during the hydration reaction may partially dry out the refractory surface. Loss of water from the surface before the cement is fully hydrated promotes dusting when the furnace is heated. The preferred and common method to prevent surface moisture loss if to spray a generous coating of resin-based concrete curing compound onto the surface, or alternatively cover with polythene sheeting. Sealing of the exposed surface will form an impermeable membrane or vapour barrier during curing, but will either burn off at relatively low temperatures, or may be removed.

After the initial 24 hour air cure the refractory may be left indefinitely before heat is applied.

Curing Temperature less than 21°C
In common with many chemical reactions, the calcium aluminate cement hydration reaction is time-temperature dependent. The lower the ambient temperature, the slower the hydration reaction, and therefore, an increased curing time is required.

In cold weather, less than 10°C, the cement-containing monolith should be mixed and installed within the temperature range of 10°C - 27°C . The temperature in the area where the castable is being installed should also fall within this range. Space heaters can be used to accomplish this, and temporary exterior shell insulation can be used to retain heat on the steel shell generated by the heat of hydration.

If the unit is to be idle for long periods in very cold weather, the lining should be heated to at least 120°C to 150°C., in order to drive off excess casting water and prevent ice crystal formation within the refractory. In long periods of cold weather, releasing steam into the unit is an ideal way to heat the lining.

Damage to the fabrication will occur should the cement freeze prior to development of maximum strength. Strength development takes place within the 24 hour curing period but this may take longer in low temperatures. Curing at low temperatures also increases the risk of steam spalling during initial heat up.

Drying and heat up of monolithic refractories
Overview

Refractory castables must be cured for a minimum of 24 hours prior to drying out and heat-up of the linings, although longer curing times may be required in low temperatures.

Since refractory castables have lower permeability and higher moisture content than brick or plastic refractories, they should be heated up slowly after the curing period to allow moisture to escape gradually from the castable. If the castable is heated too rapidly, high pressure steam may be generated from within which may lead to material rupture and spalling. For this reason, refractory castables should never be heated with direct flame impingement on the surface of the lining. 

Weep holes may be incorporated through the steel casing on the cold face of some installations to open a path for the escape of steam during heat-up of thick castable linings.

Refractory castables containing high purity calcium aluminate cement develop a more stable structure when cured above 21°C. For this reason, castables that are produced with this binder and have been cured above 21°C may be heated more safely during drying and heat-up that the same castable cured at lower temperatures.

Heating a castable lining too fast can cause cracking on the cold face which extends into the castable lining, Rapid heating causes the hot face to dry out and heat up whilst the remaining castable still contains considerable water. The differential expansion resulting from a rapid heating rate causes cracks to develop in the castable lining which lowers the stability of the monolithic structure and provides pathways for penetration by hot gases and liquid metals or slags.

The following initial heating schedules, although not all inclusive, will serve as guides to determine the proper heating program for most refractory castable linings. These schedules are based on one component linings up to 230 mm. thick.

Initial heating schedules
Lightweight Insulating Castables
The temperature of the gases in contact with the castable should be increased at no greater than 35°C per hour to service temperature. Hold periods of one-half hour per 25 mm. thickness of castable should be incorporated at 120°C and 260°C.

Dense Castables
The temperature of the gases in contact with the castable should be increased at 1°C per hour to service temperature with hold times of one hour per 25 mm. thickness of castable at 20°C, 260°C, 540°C and 815°C.

The temperatures referred to in the schedules are the temperatures of the hot gases in contact with the castable and not the temperature of the castable itself. Thermocouples should be placed about 10 mm. away from the castable surface for an accurate measure of temperature during heat-up.

At least one thermocouple should be placed where the temperature of the hot gases will be the highest to avoid localised overheating. 

Castable linings may be heated at a lower rate if the temperature cannot be controlled accurately or if there is a likelihood of localised overheating in large furnaces.

The heat-up schedules are for castables up to 230 mm. thick. Linings thicker than 230 mm. will require slower heating schedule. 

Linings composed of two or more castable components may require a slower schedule. This is most important when a lightweight castable is installed behind a dense castable working lining in a vapour tight steel shell. Since all the water in the insulating castable may have to be removed though the dense castable lining, a slower schedule is advised.

If the furnace is to be cooled before being placed into service, the temperature should be held at service temperature until all moisture is removed and equilibrium is established in the lining. The hold time required may vary from eight hours for small furnaces with thin linings to several days for large furnaces with thick linings.

The selection of the proper heating schedule is dependent on the design of the refractory lining and the particular type of furnace.

If steaming is observed during any hold period, the hold period should be maintained until steaming subsides.
Storage of Castables
It is essential that castable materials are stored in dry conditions, since any moisture will cause hydration of the cement component and lead to finished lining weakness. If stored in high humidity environments, care should be taken with polythene sheeting since condensation may occur; adequate air circulation should be provided in these instances. 

Even under ‘ideal’ storage conditions, castables have a limited storage life and any material greater then 12 months old should be discarded. 
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