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In this study the authors investigated the effect of alkali (Ca(OH)2) and heat treatment on the physico-chemical properties 

of bovine bone powder. For this purpose, raw and alkali treated samples were heated separately at temperatures of 400 °C, 

600 °C, 800 °C, and 1000 °C. A combination of characterization techniques, such as TGA, XRD, N2-adsorbtion isotherms, 

and EDX were used. It was found that the boiling of cleaned solid pieces of bones in 2 molar Ca(OH)2 solution results in 

a mass loss of about 10 % (mainly discards oily liquid). TGA analysis affirms that the hydrocarbons of bone matrix are 

partially extractable ( 10 %) in the boiling alkaline solution. The color of raw and treated bone samples remained similar, 

that is changing from yellowish white to grayish black before turning into white over temperatures ranging from 30 °C 

(room temperature), 400 – 600 °C, and 800 – 1000 °C, respectively. Moreover, XRD signatures were also comparable at 

unified temperature ranges, however, it was noted that carbonization due to heating engenders a significant change in the 

intensities of the x-ray reflections. Despite of having similarities, surface area of raw and treated bones at 400 °C, 600 °C 

and 800 °C were found to be different, indicative of a chemical interactions of calcium ions with bone. Quite interestingly, 

TGA, XRD, and N2-adsorbtion isotherms support the argument that a limited amount of calcium ions diffuses into the 

vacancies or interstitial sites of bone lattice. Furthermore, EDX analysis of the samples calcined at 1000 °C confirms that 

the Ca(OH)2 treatment increases the total calcium content of hydroxylapatite (inorganic part of bone matrix).   
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1. INTRODUCTION 

Modern agriculture has improved the quantity and 

quality of comestibles with consistent productions. 

Currently, for most countries agriculture products 

comprises a major percentage of their total economy [1, 2], 

however the high level of consumption is generating huge 

quantities of bio-wastes, with improper disposal raising 

serious environmental concerns [3]. Furthermore, waste 

generated from food handling in developed countries is 

about 40 % of the total mass [4]. For example, meat 

processing industries are producing enormous volumes of 

skin, bones, skull, feet, and entrails on a daily basis [5]. 

Unfortunately, the traditional methods of bio-waste 

disposals are no longer acceptable, for example previously 

tons of crushed bones were consumed as cattle feed, but this 

practice is now outlawed due to an increased risk of bovine 

spongiform encephalopathy disease [6]. In short, 

environmental researchers are looking for strategies to 

dispose wastes properly and if possible to convert them into 

useful products [7 – 9]. 

In this particular work we studied the physico-chemical 

properties of the waste bovine bones, and hopefully the 

attained knowledge will be used for several economic, 

social, and environmental benefits. Briefly, bones are the 

hard tissues of animal species, a factory of blood cells, and 
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provides the essential structure for holding muscles [10, 11]. 

This solid matrix is a chemical combination of highly 

complex organic and inorganic compounds, whereas the 

inorganic part is between 60 – 70 %, and the remaining 

components are organic species and water [12]. Inorganic 

components within the structure consists of calcium 

hydroxyapatite (Ca10(PO4)6(OH)2), with presence of trace 

amounts of calcium chlorapatite (Ca10(PO4)6(Cl)2), and 

calcium fluorapatite (Ca10(PO4)6(F)2)  [11, 13]. 

Furthermore, 3 – 8 % of carbonate ions (CO3
2-) are also part 

of the calcium apatite as a hydroxyl (OH-1) substitution, and 

have a vital role in several biological reactions [14]. On the 

other hand, collagen (fibrous protein) is the dominant 

organic component (95 % of total hydrocarbon) along with 

minute quantities of chondroitin sulfate (structural sugar 

forming cartilage), keratin sulfate (hydrated carbohydrates 

of bone joints), and lipids (phospholipids, triglycerides, 

fatty acids, cholesterol, etc.) [15]. These hydrocarbon 

molecules can be converted into several valuable products, 

such as gelatin, porous carbon, soaps, detergent, and glues, 

etc. [16, 17]. 

Calcium hydroxyapatite (HAp), a solid bone mineral, 

has a unique chemical composition and can be used to 

produce materials having different medical, catalytic, and 

environmental applications [18, 19]. Calcination or 
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pyrolysis, treating raw bones in alkaline solution, and bone 

hydrolysis (at higher temperature and pressure) were the 

most common methods employed for the extraction of HAp 

[14, 20 – 23]. Leaching parameters, such as temperature, 

pH, and treatment duration determines the final structure 

and chemistry of the crystalline HAp [13, 24 – 26]. In 

general, heat treatment above 600 °C eliminates the organic 

portion of the bone matrix forming pure HAp crystals 

[20, 27]. Whereas, at lower temperatures (< 600 °C), the 

material is commonly called bone char, consisting of 

different masses (depending on the treatment temperature) 

of degraded organic compounds [12, 28, 29]. Finally, severe 

heating for longer durations, for example ≥ 1000 °C may 

form secondary stable phases, such as tricalcium phosphate 

and metals carbonates [30 – 33]. 

Bone char is an excellent adsorbent (can adsorb heavy 

metals, fluoride, bacteria) and catalyst support (for loading 

zinc, cobalt, potassium) for pollution control and fuel 

production reactions, respectively [34 – 36]. Organic and 

pathogen freed HAp is biocompatible and nontoxic material 

which can be used in bone grafting, artificial implants 

coating, and is considered a suitable carrier for targeted drug 

delivery to the affected organs of human body [36 – 39]. 

More importantly, bone calcium (the amount of calcium 

may be increased by Ca(OH)2 treatment) can react with CO2 

forming added amounts of structural CO3
-2 (carbonation 

reaction) ions and probably this modified material will be 

more compatible for medical applications [39]. In this study 

a systematic comparison was carried out to investigate the 

pyrolysis of pure and Ca(OH)2 treated bovine bone by using 

TGA, XRD, N2-adsorption isotherms, and EDX 

characterization techniques.  

2. EXPERIMENTAL DETAILS 

Approximately, 15 kilograms of waste bones were 

collected from a local butcher shop of district Peshawar, 

Khyber Pakhtunkhwa, Pakistan. Initially, these bones 

contained small lumps of meat which were carefully 

removed with a sharp knife. After that, the whole mass of 

the bones was dipped in heated distilled water (50 °C) for 

4 hours to remove remaining dirt and other attached coarse 

particles. For drying, these washed bones were kept under 

direct sunlight for more than 6 hours and then were sliced 

into small pieces of about 2 inches’ length.  

For experiments, these sized bones were separated into 

two main classes. The first portion was crushed into fine 

particles, whereas the second was treated with a research 

grade alkaline solution (2 molar Ca(OH)2) and then crushed 

into powder. Once again raw and treated samples were 

cleaned separately in distilled water (50 °C) and then dried 

at 110 °C for 3 hours. For every experimental study, a 

sample of 20 grams of powder bones was calcined with a 

ramp rate of 10 °C/ min to temperatures of 400 °C, 600 °C, 

800 °C, and 1000 °C and held for a total of 2 hours. All 

calcined samples were gradually cooled to a room 

temperature for analysis. 

All powdered samples were studied via several 

analytical instruments. Mass loss due to the gradual heating 

was carried out under inert nitrogen environment by using 

standard Thermogravimetric analyzer, Pyris diamond series 

(Perkin Elmer, USA). For this experiment, powdered raw 

and alkali treated samples were separately heated from a 

room temperature to a 1000 °C with a ramp rate of 

10 °C/min. 

X-Ray diffractometer, JDX-3532 (JEOL, Japan), was 

used to investigate the phase variations (crystallinity) of the 

bone composites at different calcination temperatures 

(400 °C, 600 °C, 800 °C, and 1000 °C). Samples were 

examined at room temperature by Cu (Kα) radiation within 

a 2θ range of 20° to 55°. These sample were homogeneously 

grounded prior to XRD analysis. 

The specific surface area of powdered samples (m2/g) 

was determined by physical adsorption of a nitrogen gas at 

77 K ( – 196.15 °C). The graphs of N2-adsorption isotherms 

were attained by physical adherence of saturated nitrogen 

with cleaned bone surface. BET (Brunauer, Emmett and 

Teller) equation was solved for the calculation of specific 

surface area by using NOVA2200e (USA). Prior to N2 

adsorption test all samples were degassed under vacuum at 

a temperature of 105 °C. The Energy Dispersive X-ray 

spectroscopy (EDX) of the targeted spot sites was 

investigated by using JSM5910 (JEOL, Japan). 

3. RESULTS AND DISCUSSION 

The variations in the physico-chemical properties of 

raw and treated bone samples were systematically compared 

in this study. As shown in Fig. 1, major mass loss (expected 

to be organic matter which dissolves in alkali solution 

[40, 41]) of bone matrix occurs within the first two alkali 

treatments. Therefore, further alkali treatments could not 

extracted the remaining structural hydrocarbon species (as 

known, bones contains 30 – 40 % bonded hydrocarbons) 

[26]. The measured mass loss was about 10 %, however this 

number was low when compared to the NaOH and KOH 

solution treatments (the measured mass loss for NaOH and 

KOH treatment was about 20 %) [42]. Most probably, as 

HAp is chemically made up of Ca2+ cations, thus there is 

insufficient driving energy for Ca(OH)2 solution to break 

the interconnected polymeric structures as since Ca2+ 

cations are smaller in size as compared to K+ and Na+ ions, 

thus they have a coordination strength too low to cleave the 

phosphate (PO4
3-) ions from the bone matrix.  
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Fig. 1. Cumulative mass loss of bone verses number of Ca(OH)2 

treatments 

In this study, the extracted hydrocarbon compounds 
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were not chemically analyzed, however from the physical 

appearance, it is expected to contain mainly lipids (oily 

appearance). Thermogravimetric analysis of the treated and 

raw bone samples were also compared in order to analyze 

the differences in the mass loss curves under heating as 

shown in Fig. 2. The deviation in the mass loss curves of the 

treated and raw bone begins at about 150 °C, however at 

temperatures > 250 °C, the trend is mostly same with raw 

samples having a consistent mass loss of approximately 

10 % lower than treated samples. The difference in slope of 

curves above 150 °C and prior to 200 °C suggests that the 

Ca(OH)2 treatment extracts water (mass loss below 200 °C 

is due to surface and bonded water) and hydrocarbons [14]. 

Furthermore, mass loss curves for both treated and raw 

samples above 250 °C is due to the decomposition of the 

polymeric organic compounds and their trend is very much 

similar up to a temperature of 800 °C [43 – 46]. 

Interestingly, the slope variation around carbonate 

decomposition range (700 °C – 1000 °C) suggests that the 

total number of bonds between calcium and carbonate 

(CO3
2-) ions (bone surface consists considerable 

concentration of carbonates [47]) have increased due to 

Ca(OH)2 treatment, with a considerable amount of calcium 

entering into the bone frame work forming primary bonds 

[13, 48, 49]. 
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Fig. 2. Thermogravimetric analysis, TGA plot of treated and raw 

bones 

The color change of prepared samples when heated to 

different temperatures were also examined and is presented 

in Table 1. As discussed earlier, the alkali treatment extracts 

a limited amount of hydrocarbons, therefore the overall 

chemical composition of both samples is quite similar and 

thus have identical color appearance at same temperatures. 

For example, initially the color of crushed samples is 

yellowish white at room temperatures. Whereas, when it is 

heated with a ramp rate of 10 °C/min to a temperature of 

400 °C, the color changes to mostly grayish with presence 

of few blackish areas. Further heating to a temperature of 

600 °C increases the total amount of blackish portion due to 

an increase in solid carbon. As a whole, prior and at a 

temperature of 600 °C, the carbonization reaction and 

volatilization of hydrocarbons (collagen, fats, etc.) are 

responsible for the grayish black appearance [50]. Above 

600 °C, the degraded carbon sitting over HAp mineral 

cannot sustain its bonding and oxidizes to CO2 and H2O, 

therefore the powder samples calcined at 800 °C or 1000 °C 

are white in color [6].  

Table 1. Effect of calcination temperature on the color of treated/ 

raw bones samples 

Temperature °C Color 

25 °C – 30 °C Yellowish White 

400 °C – 600 °C Grayish black to dark black 

800 °C – 1000 °C White 

The phase variations due to chemical changes at varied 

temperatures (30 °C, 600 °C, and 1000 °C) is shown in 

Fig. 3. In general, the XRD signature of all studied samples 

is in agreement with the positions of reference JCPDS (joint 

committee on powder diffraction standards) card number  

9-432, confirming the presence of HAp as a bone mineral 

[51]. The phase composition of organic-hydroxyapatite 

varies greatly with temperature as marked by the variations 

in width, intensity, and primary peak positions (30° – 34°). 

As a whole, the crystallinity increases with temperature as 

previously analyzed by many researchers and can be 

verified by the formation of sharp diffraction peaks at a 2θ 

angle of 31°, 32°, and 33° [52, 53]. Both samples have 

similar crystallographic structure at uniform ranges of 

temperature, which essentially means that the extracted 

hydrocarbons (mostly lipids) are not chemically or 

structurally bonded with the HAp mineral. The overlapping 

of the leading diffraction peaks (30° – 34°) of uncalcined 

samples (room temperature) is because of amorphous 

hydrocarbons and therefore have a low crystallinity and 

crystal size. More interestingly, the alkali treated samples 

calcined at 1000 °C have comparatively higher order of 

crystallinity (sharp peaks) when compared to untreated 

samples. This result also suggests that during alkali 

treatment, calcium cations diffuse to the vacant or defective 

sites of HAp mineral and thus lowers the total number of 

lattice deformations. 

As previously discussed in the methodology, both raw 

and treated samples were calcined under similar conditions, 

yet they have different sets of textual properties as shown in 

Table 2. 

Table 2. Comparison of the textual properties of the raw and treated bones samples calcined at varies temperatures. 

Temperature, °C 
Crystallite sizea τ, nm Surface areab, m2/g Pore radiusc, A° 

Treated Raw Treated Raw Treated Raw 

30 °C 2.4 2.2 12.1 8.09 15.67 15.07 

400 °C - - 125.5 115.8 18.63 19.3 

600 °C 4.2 4.1 69.01 59.3 19.58 19.5 

800 °C   25.6 21.2 16.81 15.09 

1000 °C 34.3 26.8 14.9 14.6 14.99 14.9 
a Scherrer equation c BJH method 
b Multiple point BET equation 
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Most probably, hydrocarbon extraction and calcium 

deposition or diffusion (≥ 800 °C) into the bone structure 

contributes towards these variations. As a whole, the 

crystallinity improves with alkali treatment and calcination 

temperature as shown in Fig. 3 and Table 2. Briefly, the 

gradual heating discards the bonded hydrocarbons and 

improves the alignments of the Ca and PO4 ions [54]. 

Furthermore, the determined pore diameter was 

approximately the same as temperatures increases, whereas 

calcium deposition (due to alkali treatment) on bone 

framework forms extraterrestrial faces and thus have a 

higher BET surface area as shown in Table 2 [55 – 57]. 

However, at a temperature of 1000 °C, both raw and treated 

samples have a constant surface area of 14 m2/g. This 

constant surface area when compared to the XRD pattern of 

the samples calcined at 1000 °C suggests a limited diffusion 

of calcium into the HAp mineral. Similarly, for alkali treated 

sample and when calcined at 1000 °C, the chemical 

composition determined by the energy dispersive X- ray 

spectroscopy (EDX) affirms that the mineral mainly 

consists of calcium and phosphorous elements and have a 

higher Ca/P ratio (1.8) when compared to the literature 

[20, 29]. 
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Fig. 3. Diffractograms: a – raw; b – treated bovine bone samples 

calcined at 30 °C, 600 °C, and 1000 °C 

4. CONCLUSIONS 

The increase in the total calcium content of bone matrix 

is not studied yet and this treatment process may improve its 

suitability for several medical, catalytic, and environmental 

applications. For this reason, bone pieces were treated with 

a 2 molar Ca(OH)2 solution to investigate the possibility of 

calcium fusion in hard bone tissues. This alkali treatment 

procedure also extracts a limited portion of hydrocarbons (̴ 

10%), whereas the strongly bonded hydrocarbon can be 

removed via heating. More importantly, the total calcium 

content of the sample increases with alkali treatment. 

Furthermore, the variation in bone chemistry (because of 

heating) is also visible through a color change. The 

crystallinity of the bone (hydroxyapatite) mineral increases 

with alkali treatment as observed by a sharp intense XRD 

signature.  
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