Development of Energy Efficient Material from Vermiculite
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Abstract
In the present study, thermal insulated tiles has been prepared by using exfoliated vermiculite as a filler material because of its low bulk density, high refractoriness, low thermal conductivity and adequate chemical inertness. The ordinary Portland cement of 43 grade was used as a binding material for vermiculite. Various mixes were prepared using different percentage of vermiculite and water cement ratio.  In order to obtain desired consistency, polymer admixtures such as SBR latex and super plasticizer (1 wt% of cement) was added in the mixes at 0.15 polymer cement ratio. Based on the test results, an optimum formulation was worked out for the vermiculite cement tiles on the basis of wettability of vermiculite surface & its proportion, vermiculite cement ratio and polymer-cement ratio. The developed vermiculite cement tiles exhibited low water absorption, better strength properties and low thermal conductivity compared with the conventional clay tiles used for thermal insulation purpose. 
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1. Introduction
Cost of energy and its crisis are alarming and adversely affecting the individual and the society in one form or the other. Thermal insulation (Barrier) has been considered as the best solution to reduce the energy load on individuals. Maximum heat transmission (more than 60%) takes place through roof surface of the buildings. Thermal Insulation provides a barrier for incoming heat into the building envelop and prevent inside heating. Use of thermally insulating materials impart comfort inside the room on one end and reduce the energy requirement for cooling in summer. These materials are the key tool in constructing energy thrifty buildings [1-5].
A range of materials can be employed in the manufacture and construction of insulation products.
(a) Synthetic polymers eg. Polystyrene, Polyisocynene, Polyurethane, Polyisocyanurate

(b) Aerogel

(c) Mineral wools(insulation)-eg.fibre-glass, rockwool, slagwool

(d) Minerals- Vermiculite, Perlite

(e) Natural plant materials- cellulose insulation, cork, hemp, cotton

(f) Animal fibres-wool

In this study, exfoliated vermiculite has been used with Portland cement as binder to develop thermal insulated tiles. Vermiculite is an excellent material characterized by high thermal insulation parameters which make it useful for many purposes, including those for manufacturing different kinds of fireproofing materials as well as production of boards. From the geochemical point of view, vermiculite belongs to a group of hydrated aluminum-iron-magnesium silicates. Vermiculite occurs as golden-brown to greenish flakes. As a mineral it is distinguished by an outstanding ability to gain in volume (10-30 times) when exposed to high temperatures. This phenomenon is accompanied by water loss. Its bulk density in the natural form is between 600 and 1050 kg/m3 and after swelling 65-130 kg/m3. Because of low density, it is mainly used in expanding form.
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Exfoliated vermiculite is also characterized by the following properties:
· Good sound insulation,

· Good thermal insulation,

· Good adhesion to different kinds of surfaces.
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Figure 2. Different fractions of exfoliated vermiculite

Vermiculite occurs in different fractions Non-combustible vermiculite products emit neither smoke nor toxic fumes and make no hazard to the environment. Vermiculite is formed by hydration of certain basaltic minerals. Its chemical formula- (MgFe,Al)3(Al,Si)4O10(OH)2.4H2O. It is honey in color. It’s moulded shapes, bonded with sodium silicate for use in – high temperature insulation, refractory insulation, packing material, fireproofing of structural steel and pipes, as loose fill insulation, light weight aggregate for plaster and cementitious spray fireproofing. Vermiculite is 2:1 clay, meaning it has 2 tetrahedral sheets for every one octahedral sheet. Vermiculite clays are weathered micas in which the K+ ions between the molecular sheets are replaced by Mg2+ and Fe2+ cations. 
There are several advantages attributable to the use of vermiculite and perlite such as:

i) Weight advantage
Vermiculite or perlite as the aggregate will have a weight density of approx. ranging approximately from 30-35 PCF as compared to premixed sanded mortars which typically have weight densities 120-150 PCF. This provides significant advantage in handling and shipping.
ii) Moisture retention
Since dry roof tile absorbs much water from the mortar, the higher holding capacity of the vermiculite and perlite based mortars can withstand this absorbency and still contain enough water to keep the mortar plastic enough to assure bonding to roof tile as well as the roof underlayment. It also allows the cement to complete the hydration process and achieve its highest strength.
iii) Insulation
Vermiculite and perlite mortars provide superior insulation values than heavier sanded mortars. A benefit of its ultra light weight is that the mortar could be used to completely bed the roof tile with an average of one inch of mortar across the entire roof area. One inch of vermiculite mortar would provide an R factor of 1.49, and the perlite mortar an R factor of 1.72. 
iv) Uplift resistance
The improved water retention capability of these mortars result in consistent bond strengths on both the bonds to the tiles and the bonds to the roof underlayment. Compressive strengths are related to density. While the mortar necessarily has lower compressive strengths than normal weight mortars, it has more than enough compressive strength for roof tiles application. Further, its high uplift resistance and low load on the roof make this mortar very advantageous as compared to prior art mortars.
2. Review of Literature
Studies conducted by researchers shows that vermiculite improves thermal insulating properties as well as is chemically stable compared to diatom earth, allophane and zeolite which were added into various building materials to improve living environment. According to Philip M. Carkner [6] a light weight insulating concrete composition includes a cementitious forming material and a light weight aggregate combination of expanded vermiculite and expanded perlite, the weight ratio of one to the other not exceeding about 2:1. Charles S. Breslaure [7] developed a premixed ultra-light sandless mortar for use with clay and concrete tiles. The mortar uses ASTM .C-332 aggregate, vermiculite aggregate in place of heavy aggregates such as sand. The mortar cement is made from Portland cement, lime, air entraining agents & water repelling agents. The resulting compound retains large amount of moisture which increases hydration time resulting in improved bonding strength and increase tile uplift strength. The light weight of mortar also allows a full bed of mortar to be laid on the roof with the resulting benefit of an addition insulating layer for building. The mortar is suitable for roofing or floor tile application. M.Akao etal [2-8] developed Vermiculite Board by using slurry of vermiculite, Ca (OH)2, silica sand and pulp. The resultant slurry was formed into a green sheet by suction filtration. The sheet was heated at 187 degree C for 24h. The product had a density of 910 Kgm-3 and also describes fungus resistance of the board and compares it with calcium silicate board and gypsum wall board. Fungus resistance of the board test acc. to JIS Z2911 and results shows that vermiculite board showed higher fungus resistance in comparison to the other building products. A novel approach to the preparation of polymer nanocomposites utilizing a low-molecular-weight reactive modifying reagent has been developed by S.C.Tjong, Y.Z.Meng and A.S.Hay [9-10]. In this study maleic anhydride used as a reactive reagent that acts both as a modifying additive for the polymeric matrix and as a swelling agent for the Silicate Polypropylene[PP]-Vermiculite nanocomposites with an intercalated or exfoliated structure can be achieved by simple melt mixing of maleic anhydride-modified vermiculite with PP. The nanocomposite structure is evidenced by the absence of vermiculite reflections in the X-ray powder diffraction patterns. Tensile tests show that the tensile modulus & strength of the nanocomposites tend to increase dramatically with vermiculite addition. Such enhancement in mechanical properties results from the formation of intercalated & exfoliated vermiculite reinforcement in the composites. Lignocellosic boards, including particleboards, fiber boards, flake boards & the like are among the most popular materials used in the building industry, for outfitting (furniture) and for interior decoration (wall & ceiling paneling). However, due to their unfavorable behavior under fire condition, their use has often been limited. Yian Zheng etal [11] studied the swelling behaviors of vermiculite super absorbent composite. A series of super absorbent composites were synthesized by copolymerization reaction of partially neutralized acrylic acid on unexpanded vermiculite(UVMT) micro powder using N,N’-methylene bisacrylamide (MBA) as a crosslinker & ammonium persulfate(APS) as an initiator in aq. solution and the samples further characterized by means of FTIR, SEM, transmission electron microscope(TEM), XRD & TGA. TGA implies that introduction of UVMT into the polymer network leads to an increase in thermal stability of composites. Vermiculite concrete roof deck system is a lightweight concrete consisting of Portland cement, water and vermiculite concrete aggregate. Vermiculite roof deck systems are applied by an applicator familiar with using and applying light weight vermiculite concrete. Its advantages are lightweight, fireproof. Vermiculite concrete has excellent insulating properties as 3 inches of vermiculite concrete is equivalent to 1 and half inch of rigid board insulation laid over steel decks. Therefore keeping this in view, the work has been carried out to develop cement based vermiculite tiles 

3. Experimental
In the present study, exfoliated vermiculite was used as a filler material because of its low bulk density, high refractoriness, low thermal conductivity and adequate chemical inertness. Its average particle size was 1.1 mm as measured by the sieve analysis. The ordinary Portland cement of 43 grade was used as a binding material for vermiculite. Various mixes were prepared using different percentage of vermiculite ranging between 5% and 50% at 0.5 water cement ratio.  In order to obtain desired consistency, polymer admixtures such as SBR latex and super plasticizer (1 wt% of cement) was added in the mixes at 0.15 polymer:cement ratio. Based on the test results, an optimum formulation was worked out on the basis of wettability of vermiculite surface & its proportion, vermiculite cement ratio and polymer-cement ratio. Various cubes of size 50 x 50 x 50 mm were cast under vibration. The sheets of size 300 x 300 x 25 mm were prepared on a hydraulic press at a pressure of 8-10 kg/cm2 for 10 min retention. The prepared samples were cured for 7 days and 28 days in moist condition. The water absorption, compressive strength and flexural strength of cured samples were tested as per ASTM C196.  The thermal conductivity of cast plates was determined as per IS 3346 using hot guarded plate at 400 C. The developed tiles are shown in Fig. 1. The results obtained have been compared with the commercially available tiles and are reported in Table 1.
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Figure 1. Vermiculite cement tiles
Table 1. Properties of Vermiculite cement tiles
	Properties                                                               CBRI tiles      Conventional tiles



	Water Absorption (%) 24 hrs soaking                             8-10                    12-16

Flexural Strength (MPa)     After 7 days curing              2.9-3.4                1.8

                                           After 28 days curing             3.2-3.5

Compressive Strength       After 7 days curing               4.2-5.0               3.9-4.2

 (MPa)                               After 28 days curing             4.6-4.8

Thermal Conductivity, (Kcal/m/hr/ oC)                        0.10-0.18             0.18-0.20




4. Results and discussion
It is found that increase of vermiculite content decreases compressive strength and increases water absorption of the resulting mixes. At higher loading, w/c ratio of the mix is comparatively more than the mix containing low vermiculite content because of porous nature of vermiculite flakes. The thermal conductivity of sheet is found in the range of 0.12-0.18 Kcal/m/hr/oC. When compared with conventionally used tiles, it is observed that water absorption is 33% less after 2 hrs soaking and 28% after 24 hrs respectively. About 61% increase in the flexural strength is noted probably due to reinforcing effect of vermiculite. The value of compressive strength of vermiculite cement tiles is comparable to the conventional tiles. The strength properties of vermiculite cement tiles determined after 7 days curing are almost same as that of 28 days water curing. This is attributed to the formation of polymer layer on the cement particles surface as a result water is trapped inside and contributing towards hydration of cement. Based on the results, it is concluded that vermiculite cement tiles exhibited low water absorption, better strength properties and low thermal conductivity compared with the conventional clay tiles used for thermal insulation purpose.

5. Application 
The tiles obtained are light in weight and provide thermal insulation to computer rooms; cold storages etc. as the product arrest the heat dissipation.  
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