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Abstract 

Reduction of metal precursors within the molten glaze is a rather complex route to obtain 

coloured glaze. “Sang de bœuf”, “pigeon blood” or “flammé" first discovered glazes by the 

Chinese potters of the Song Dynasty (10th c.) are produced by atmosphere controlled firing 

of copper-containing glaze on porcelain and stoneware body. Lustre pottery, an Abbasid 

potters’ innovation (9th c.), offers to the eyes of the connoisseur an iridescent reflection, 

which is only visible at specular position. For centuries connoisseurs’ interest in these 

objects has been continuous and the development of transmission electronic microscopy 

(TEM) associated with energy-dispersive X-ray spectroscopy (TEM-EDX) allows us an in depth 

study of the micro and nano-structure of these objects. A porcelain with red “pigeon blood” 

decor made by the late famous French-American potter Fance Franck, and lustre stonewares 

made by the French potter Eva Haudum, have been investigated by TEM-EDX and 

nanochemical analysis in order to better understand the key parameters controlling the 

microstructure and the colour of glazes. Although some authors assigned the red colour of 

pigeon-blood to Cu2O, our results clearly demonstrate that the colour only arises from Cu° 

nanoparticles. Phase separation of the glassy phase was observed close to the surface. 

Concerning the lustrewares, analysis confirmed that the alternating reducing and oxidizing 

conditions during the firing lead well to the formation of metal-free/metal-rich alternate 

layers in the lustre decor.  

 

Keywords: A : Firing ; C : Colour ; D : Porcelain ; metal nanoparticle  

1. INTRODUCTION 
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The development of pottery is directly linked to the advancement of glaze technology - the 

glaze being the support of the coloured decor - and of the firing control, in particular of the 

oxidizing/reducing atmosphere. First Chinese glazes where prepared from plant ashes [1], a very fine 

powder well suited to prepare the slurry that is applied to the artefact, previously fired or not. Plant 

ashes still remain used by modern potters [2]. Alternatively, from B.C. epochs till to the ninth century 

A.D., in the Mediterranean area, instead of plant ashes, natron, an Egyptian natural deposit of soda-

rich salts, was used as flux of the mix. The elimination of iron and titanium impurities [1,3] of the raw 

materials and the controlled addition of 3d metal transition ions led to a variety of coloured glass and 

glaze [3,4]. Due to the low intensity of the colour, this technique is called ‘couleurs transparentes’ 

(optically clear colouration) and well adapted to colour ‘thick’ glass objects however poorly adapted 

to glaze that should be applied in rather thin layers (< 1mm). The incorporation of 3d colouring ions 

in a specific matrix that promotes a high coloration power [4,5] led to pigment that permits, even for 

a thin layer of glaze (hundred of µm) a adequate colouration. Actually red colour cannot be easily 

obtained through this way. Nanosized (substituted) hematite experimented by Iznik potters [6], 

Meissen arcanists [7] and Japanese potters [8] led to dark red to orange shade. Rather similar colours 

were obtained by Roman potters, using hematite as colouring agents of the sigilatta slips [9]. Only 

nineteen the century innovations such as chrome-doped sphene pigments [10] giving pink to brown 

shade and CdS1-xSex-doped glasses giving a very vivid red colour [5,11,12] offer efficient tools for red 

decors.  

Another way of colouring the matter was the incorporation of metal nanoparticles, 

experimented a long time ago in Western Countries by Celts [13-15] and in Near-East countries by 

19th century Egyptian Dynasty [16] glassmakers. The huge light absorption of electronic interband 

and surface plasmon peaks makes allows for that a small amount of metal is sufficient to blacken 

thick glass piece (typically less than 0.5 % in weight is sufficient to blacken 1 mm)! [15,17] The 

technique was largely used by Roman glassmakers [18] and then by medieval ones to colour stained 

glass in red (copper or more rarely gold-containing) or yellow (silver-containing) [19-21]. Addition of 



 3 

multivalent elements such as Sn and Sb cause the development of crystalline phases that make the 

glass opaque and influence the colour. The technique spread as far as to China [22]. The technique 

gets a renewal at the end of the 19th century [23,24]. Regarding the pottery glaze, the multivalent 

valence state of copper ions has been used in the Far East since the Northern Song Dynasty (Jun 

ware, 10th century) to produce flame stoneware and porcelain [25-29]; i.e. the oxidizing flame giving 

turquoise (Cu2+ ion) and the reducing one flammé (Cu° nanoparticle). No coloration is given by Cu+ 

ions [17]. Full red glazes, so called ‘sang de boeuf’ or ‘sang de pigeon’ (ox/pigeon blood) were difficult 

to make and the first made artefacts, by the Chinese during the Ming dynasty (1368-1644), probably 

before the reign of Wanli (1573–1620) were collected by connoisseurs since early times. Examples of 

these older works are now rare. The process was at first difficult to control, but it had been mastered 

by the time of Kangxi (1661–1722) and Qianlong (1736–96) in the Qing dynasty, and a variety of red 

hue was developed (sacrificial red, chuihong, or “blown red”, Langyao red, bright red, fresh red, 

peach-bloom red … ) [26,30]. Among modern potters, the red porcelains of Fance Frank (1931-2008), 

a French-American potter who had been working at her Rue Bonaparte workshop in Paris since 

1960s but also in New York (Greenwich House Pottery), Sèvres (Manufacture Nationale) and Arita 

(Fukagawa Factory)[31,32] are famous worldwide. Fig. 1a & b shows examples of Fance Franck’ 

masterpieces. 

The story of lustre pottery is much older. Iridescent Roman glasses are mentioned in the 

Roret’ Encyclopaedia [24] but to our knowledge no pieces have been discovered and hence analysed. 

Rare so-called lustered glass made by Copt and Fatimid glassmakers are identified [33,34], although 

these objects do not really exhibit iridescent reflects [35]. First lustre ceramic wares have been 

excavated from Baghdâd, Sâmarâ ou Suze but the most exceptional proof of the Abbasids’ potters’ 

expertise is the ensemble of lustre tiles of the Mihrâb installed in 862 in the Aghlabids Sidi Oqba 

Mosque of Kairouan (formerly Ifriqiya, now Tunisia) [15,36-39]. The technique then spread to Egypt, 

during the Tulunid Dynasty (868-905) who wanted to rival Baghdâd and Sâmarrâ. Early in the Fatimid 

period (909-1171), the objects were essentially decorated with beautiful animals or figural 
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decorations. Iran (Kashan), Anatolia then produced beautiful monochrome lustres and this 

technology was diffused throughout the Islamic world reaching Spain (Al Andalus) at the time of the 

Umayyad caliphs (929-1031). Under the Almoravid dynasty (1056-1147) but more likely under that of 

Almohad (1147-1269) lustre production in Murcia, Malaga, Siyasa, Paterna-Manises (Valencia) is 

grew and remained high during Nasride dynasty until the seventeenth century [15,37]. For instance 

the tiles of the famous Alhambra patio de los Arrayanes in Grenade were lustered. At the end of the 

fifteenth century, the technique spread, under the name of Majolica, to central Italy in centres such 

as Deruta, Gubbio and Caffaggiolo. At the end of the eighteenth century (J. Wedgwood in England) 

and in the second half of the nineteenth century, lustre technology attracted the interest of 

chemists-potters (for example Théodore Deck in France [23]): creations of Vilmus Zsolnay in Central 

Europe, William Morgan in England and Jean Clément Massier or Jean Mayodon in France [37]. The 

interest is still alive today, for example in France by Alain Dejardin, Eva Haudum or Jean-Paul Van 

Lith, in England by Sutton Taylor, Tony Laverick or Alan Caiger-Smith and in Spain by Joan Carrillo and 

Arturo Mora-Bonavent among others [37,40]. Fig. 2a shows an example of modern lustre stoneware 

made by Eva Haudum craftsman [40,41]. 

“Best” ancient lustres consist of alternating layers with and without the dispersion of Ag° or 

Cu° nanoparticles close to the glaze surface [15,42,43]. Hispano-Moresque and Majolica potteries 

have also been largely studied but in many cases metal precipitates are only observed close to the 

surface [44,45]. A classification of the different types of lustre glazes has been proposed [15], from 

the high quality lustre made of quasi-ordered dispersion of metal particles in layers alternated with 

metal particle free ones to metalized glaze where the metal particles are only located close to the 

glaze surface. The procedure and mechanisms at the origin of the formation of the alternation of 

metal nanoparticle-rich and -free layers remains debated [15,37,42-56]. The availability of samples 

with controlled firing cycles led to the opportunity to go deeper into the understanding of the 

mechanisms involved in the lustre pottery preparation.  
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We report here the first comprehensive Transmission Electronic Microscopy study of copper 

containing “Sang de boeuf” glazed porcelain produced by Fance Franck [31,32] and lustre stonewares 

made by Eva Haudum [40]. The relative role of Cu° metal particle and Cu2O crystals on the red colour 

has been questioned, some authors assigning the red colour to red Cu2O oxide [13,57-59]. The 

preparation route(s) of lustres, especially of polychrome ones (the decor is based on different 

coloured areas obtained by diffraction for the same angle of observation [15,37]) also remain(s) 

debated and hence the analysis of modern artefacts with controlled firing cycles offers an interesting 

comparison with previous TEM investigations on different monochrome and polychrome lustre 

pottery and will help to understand the complex phenomena involved.  

 

 

2. MATERIALS AND METHODS 

 Fig.1 presents representative porcelain artefacts made by Fance Franck, for instance a 

‘pigeon blood’ small bottle (~10 cm high) and a cup (~20 cm high) decorated with ‘Sang de bœuf’ 

birds (F. Franck – F. Delpiere Atelier Collection). The shape of the later object is inspired from antique 

votive Chinese cups [26]. The studied sample is a fragment of a bottle similar to that in Fig. 1a. A 

~10x5x2 mm3 piece is cut from the fragment using a Minitom Diamond saw (Struers, Danmark). 

Franck’ objects are prepared on the potter’ wheel using commercially-available hard-paste porcelain 

similar to the PDN paste developed at the Sèvres National Factory [60,61]. The glaze is prepared at 

the potter’ workshop by mixing, and grinding together K-Na feldspar (~50 wt%), chalk (10.6 wt%), 

flint (~30 wt%) in water. Small amounts of zinc (~2 wt%), kaolin (1 wt%), talc (1.7 wt%), tin oxide (3 

wt%), MnO (0.1  wt%), and B2O3 (1 wt%) are added in order to optimize the slurry behaviour and final 

glaze characteristics. Copper is added in the form of CuO (0.75 wt%). The final oxide composition, 

measured by electron microprobe (CAMECA SXFive microprobe) at the UMS 3623 Raimond Castaing 

of Toulouse, is given in Table 1. The glaze slurry is pulverized air on the green body.  After air-drying 

the pieces are fired at 1335°C each of them in a SiC saggar using a natural gas heated kiln (mean 
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heating rate ~90°C/h). The CO/CO2 ratio is monitored by controlling gas input and exhaust: CO starts 

at 3% at ~900°C and decreases up to ~0.3 % at 1335°C and similarly on cooling. 

Fig. 2a shows a lustre bowl made by Eva Haudum (diameter ~11 cm). The iridescence is 

clearly visible from a given angle of examination in the centre. Eva Haudum works with test pieces to 

develop her lustre decorations and she was kind enough to entrust us a few among the most 

representative of her creations. The investigations were carried out on sliced pieces from swan 

pieces (35x4x4mm3) and 3 of the examined samples are shown in Fig. 2b. These objects were 

prepared on the potter’ wheel using commercial stoneware pastes (coloured or white) and two types 

of commercial glazes: a glaze (sample 2 and 3) containing tin oxide and another one (sample 1) with 

less tin oxide but containing a small addition of zinc oxide, as revealed by electron microprobe 

analysis performed at the UMS 3623 Raimond Castaing of Toulouse (Table 2). After drying, the pieces 

are fired in a kiln heated with propane gas. The lustre preparation (clays and copper or silver salts) 

was applied with a pencil on the already glazed stoneware. Then the pottery was fired again at 

~600°C, and the CO/CO2 relative proportion was controlled. Change to oxidation condition leads to a 

fast increase of the temperature by about 100°C.  

The structure of decorative layers was studied by TEM on cross-section preparations. Imaging 

and EDX mapping were carried out using a Philips CM20-FEG electron microscope operating at 200 

kV and equipped with a Microanalyse QUANTAX detector XFlash 30 mm² 127 eV. Cross-sections of 

samples have been cut, glued together to form a sandwich, polished by mechanical grinding using SiC 

to a final thickness of 20-30 µm, and then thinned by a precision ion polishing system (PIPS) with 

incidence angles of seven degrees operating at 5 kV and 19 mA [54,56].   

Micro-X-ray powder diffraction measurements were carried out on a Bruker D8 Advance 

device in Bragg–Brentano geometry, equipped with 15 cm long and 100 μm in diameter optical fibber 

and a fast LynxEye detector. A Cu point focus anode was used to produce X-rays at the characteristic 

Cu fluorescence lines (λ = CuKα1,2). Diffraction patterns were acquired between 10 and 80° 2θ with a 

step size of 0.03° 2θ. 
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3. RESULTS AND DISCUSSION 

 

3.1. ‘Pigeon blood’ glazed porcelain 

 Fig. 3 shows the comparison between the experimental µXRD pattern recorded in the body 

close to the body-glaze interphase and the calculation with Maud software [62] for the two limit 

composition of mullite, 3Al2O3 1 SiO2 (3:1) and 2 Al2O3 1 SiO2 (2:1) [63-65]. The relative intensity of 

the two first Bragg peaks (~16.3 and 26.2 2θ doublets, see on Fig. 3 the comparison with the 

calculated patterns of 2:1 and 3:2 compositions) clearly demonstrates the formation of 3:2 mullite. 

TEM investigation confirmed the type of mullite showing the dense mesh of acicular crystals with a 

section up to ~80x80 µm2. Lengths up to a few mm are observed (Fig. 4). The acicular crystals form a 

mesh structure that retains the molten amorphous potassium-rich aluminosilicate at the top firing 

temperature. Formation of a dense bird nest-like mesh of mullite needles is requested to keep the 

initial shape of the green body whatever the large amount of molten glassy phase that guaranties 

translucency of the porcelain body after cooling. Quartz phase detected in the diffraction pattern 

arises from the incomplete dissolution of some quartz grains, as commonly observed for hard paste 

porcelains [3,60,65,66]. 

Fig. 5 compares the µXRD patterns recorded at different spots along the ceramic section, 

close to the body-glaze interface. In the body (pattern a) and close to the body-glaze interphase 

(pattern b), a superimposition of the broad peak (~23° 2θ) arising from the glassy phase and of the 

Bragg peaks of mullite and quartz crystals is obvious. As expected the broad feature centred at 23° 2θ 

is observed for the glaze but careful examination of the 40 to 50 2θ range shows two supplementary 

small peaks characteristic of copper metal while no trace of copper oxides is detected (see Fig. 5 

insert).  

A TEM investigation from the body-glaze interphase to the glaze surface was carried out (Fig. 

6).  A contrast variation is observed close to the very surface as shown in Fig. 6a’; this indicates a 
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phase separation within the glassy phase, as observed for some Jun and “Hare’s fur” or “Oil spot” 

glazes [67-69] and at the origin of the velvety aspect of these glazes. EDX measurements (Table 1) 

confirmed the presence of Cu but without being able to highlight a composition difference between 

the light and dark zones: copper ions are dissolved in the glass network. Further away from the 

surface, very small dark particles (around a few nanometres) are observed inside dark zones (Fig. 6b 

and 6c), then the particles (Fig. 6d and 6e) are less numerous and larger (around 20 nm) and finally 

rare copper crystals around one hundred nanometres are found close to the glaze-body interface 

(Fig. 6f and 6g). It can be assumed that these larger crystals are at the origin of the rather narrow 

small Bragg peaks observed in Fig. 5. However, the nanoparticles contain a high rate of Cu as attested 

by EDX, but no pattern was observed by electron diffraction according to the amorphous/disordered 

character of the small copper nanoparticles. At the glaze-body interphase small mullite crystals (Fig. 

6a) were found as already reported. The above described complex nanostructure is at the origin of 

the very specific creamy aspect of ‘pigeon blood’ glaze.  

 

3.2. ‘Lustre pottery 

 Table 2 shows the complex composition of Eva Haudum’ lustre glazes. The glaze thicknesses 

are around 500 μm and the analyses were performed on cross-sections at around 100 μm from the 

surface, under the nanoparticle layers. The complex composition is characteristic of modern glazes 

used by potters. Presence of boron oxide is expected and could be explained by the low total value. 

The glaze of sample 1 contains about 0.2 wt% of equivalent CuO, which is certainly at the origin of 

this deep red colour (copper Plasmon at ~ 570 nm, confirmed by UV-visible reflectometry) [15].  

The metallic nanoparticles of the upper layers of the 3 samples were investigated using 

transmission electron microscopy. Representative TEM images are shown in Fig. 7 and 8 as well as in 

supporting information (Fig. S1, Supplementary content). EDX mapping revealed that the metallic 

nanoparticles of red sample (#1) are exclusively copper while this is silver for the two other yellow 
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samples (samples 2 and 3). However all samples show an arrangement of metallic nanoparticles in 

multilayers.  

The copper-based red sample 1 (Fig. 7) presents four rather well separated layers. The first 

layer (the closest to the surface) is constituted of the largest particles with an average size around to 

50 nm (see the distribution size in Fig. S2, Supplementary content). The particles of the second layer 

are slightly smaller with an average size of around 40 nm. The size distribution is also tighter. Layer 3 

and 4 are formed of smaller particles with sizes ranging from 8 to 22 nm. Layer 3 contains a few 

larger particles (around 40 nm) as one can see in Fig. 7.  Optical examination shows a large 

heterogeneity on the micron scale (Fig. S4), with a complex distribution of areas exhibiting a metallic 

shine within a red surface.  

The nanoparticle layers of sample 2 (silver-containing glaze, Fig. 8) are thicker and the 

distribution sizes are somewhat less variable among the 3 layers. However the big particles are more 

numerous in the first layer, which also presents the largest size distribution. In fact it is made up of 

the two types of particle populations (Fig. 8 and S3, Supplementary content): very small silver 

particles with sizes ranging from 3 to about 15 nm and a population of larger particles with sizes 

ranging from 25 to 60 nm. For the third sample this bimodal distribution of the top layer particles is 

even more pronounced (Fig. S3, Supplementary content).  Details of the section of the above glaze 

close to the surface and the corresponding elemental mapping for two samples glazed are in Fig. S1 

and Fig. S5. Sn elemental mapping shows clearly some big cassiterite (SnO2) crystals (~0.5 µm length) 

and a large distribution in size of silver metal nanoprecipitates. Bigger particles are also observed 

very close to the surface, according to Type 1 classification of ref [15]. No specific relationship is 

observed between the SnO2 particle distribution and the size/distribution of silver ones. Optical 

observation also shows a large heterogeneity (Fig. S4, Supplementary content). 

The need of reducing/oxidizing sequences, as proposed before [15,37,56] to form an 

alternation of metal particle-rich and -poor layers is clearly demonstrated. Low temperature (200-

400°C) ion-exchange between a solid open framework and a molten nitrate is well documented [70] 
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and as expected by many authors ion exchange led to the diffusion of silver/copper ions in the upper 

glaze layer. Metal particles should be formed under the action of reducing sequence. The lower 

diffusion coefficient of big molecular species such as O2 and CO and oxygen atoms in the covalent 

bonded glaze network with respect to that of small multivalence cations such as Fen+, Snn+, etc. led to 

pointing out the significant role of redox reactions between  copper/silver and multivalent cations 

[15,37,54].  

Coalescence or liquid separation between the molten glaze and the metal could explain the 

large size distribution of spherical metal particle at the glaze surface. Such complex multilayer 

structures have been observed in some shards excavated from Mesopotamia (9-10th century), Fustat 

(Fatimids, 11-12th century) and Termez (13-14th century),  [54-56]. The layers without particles are 

not as thick and well defined as in a lusterware of the 12th Century from Fustat [55] but the particle 

organisation of these modern productions are very similar to the ones observed in other multilayers 

from Fustat and in some lusterware from Mesopotamia [54-56]. The main differences concern the 

Ag° based lustres in which the silver nanoparticles often coalesced in ancient productions which is 

not the case in the two modern samples analysed. 

 

4. CONCLUSION 

Confirmation of the importance of the atmosphere control to obtain glaze coloured with 

metal nanoparticle is clearly confirmed. Alternation of oxidizing/reducing controlled sequence 

appears at the origin of the multilayer microstructure of the lustre decorations. More works on 

replica are needed to clarify the relationship between duration and/or temperature of the different 

sequences as well between phase separation in the glassy phase and metal particles growth. The 

present work shows how the medieval Chinese and Islamic potters, which were able to master the 

colour of a pottery have reached a perfect empirical knowledge of redox reaction in the glassy state. 
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Fig. 1: ‘Pigeon blood’ (a) and ‘Sang de boeuf’ (b) decorated porcelain artefacts made by 

Fance Franck (photo Ph. Colomban) 
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Fig. 2: a) Lustre pottery cup and b) studied test samples made by Eva Haudum (photo Ph. 

Colomban) 

Fig. 3: Experimental XRD pattern recorded on the porcelain body (a & c) compared to the 

calculated patterns (b & d) for the Al-rich 2:1 (blue line, see online journal) and 3:2 

mullite structures (red line, see online journal). 

Fig. 4: Representative bright field TEM image of Fance Franck’ ‘pigeon blood’ porcelain body 

and corresponding map of the Al and Si elements. 

Fig. 5: MicroXRD patterns recorded on Fance Franck’ ‘pigeon blood’ shard section (see insert 

micrograph) in three different spots: blue bottom spectrum, glaze top layer; middle red 

spectrum, middle of the glaze; black upper spectrum, porcelain substrate. Insert: detail 

of the 40 to 52 2  range highlighting the two copper metal Bragg peaks. 

Fig. 6: Representative bright field TEM images of Fance Franck’ ‘pigeon blood’ enamel 

recorded at different depths from the body to the glaze: a) mullite crystals observed 

close to the glaze/body interface, a’ glaze phase separation at the very surface of the 

glaze; d) to g) images show representative microstructures, from top surface to 

glaze/body interface: clusters of Cu higher concentration are observed close to the 

surface then the evolution to the formation of larger Cu metal nanoparticles far to the 

surface. 

Fig. 7: Representative bright field TEM images and corresponding elemental mapping of Eva 

Hudum’ lustre sample 1 showing the layer organization and the increasing size of 

copper nanoparticles close to the glaze surface. 

Fig. 8: Representative bright field TEM images and corresponding elemental mapping of E. 

Haudum’ sample 2 showing the organization and the nature silver nanoparticles. 
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Table 1: Composition of Fance Franck ‘pigeon blood’ artefact. 

Material SiO2 Al2O3 MgO Na2O K2O CaO TiO2 Fe2O3 SnO2 CuO Total 

Glaze 

Std Deviation 

73.1 

0.9 

10.1 

0.2 

1.1 

0.1 

1.1 

0.1 

4.3 

0.1 

6.9 

0.5 

0.01 

0.02 

1.1 

0.2 

0.16 

0.06 

0.28 

0.13 

98.3 

0.6 

            

Interphase 

Std Deviation 

64.1 

4.5 

22.9 

5.9 

0.1 

0.1 

1.7 

0.2 

5.7 

0.7 

2.9 

0.7 

0.01 

0.01 

0.4 

0.1 

0.04 

0.02 

0.12 

0.05 

97.9 

0.6 

Paste 

Std Deviation 

68.5 

13.6 

24.6 

14.2 

0.03 

0.06 

0.7 

0 .3 

3.3 

1.2 

0.3 

0.3 

0.02 

0.04 

0.25 

0.18 

0.01 

0.02 

0.05 

0.05 

97.7 

0.9 

Cr2O3 <0.015 – MnO ~< 0.025 

Table 2: EDX composition of  the Eva Haudum’ lustre glaze 

 

Sampl

es 

Na2

O 

Al2

O3 

SiO

2 

K2O Ca

O 

Fe

O 

Mg

O 

P2O

5 

Cr2O

3 

Zn

O 

Ba

O 

TiO

2 

Cu

O 

Ag2

O 

Sn

O2 

Pb

O 

Tot

al 

Sampl

e 1 

Glaze 

2.4

6 

10.

55 

62.

11 

4.33 2.1

7 

1.3

5 

0.2

75 

0.0

60 

0.00

05 

5.4

1 

1.0

1 

0.1

15 

0.2

56 

0.0

10 

0.5

3 

0.0

5 

90.

67 

Std 

Deviati

on 

0.4

1 

1.6

7 

5.6

0 

0.63 0.5

3 

0.8

9 

0.0

68 

0.0

51 

0.00

3 

1.2

8 

0.2

5 

0.0

6 

0.1

37 

0.0

13 

2.3

0 

0.0

4 

1.5

1 

                  

Sampl

e 2 

Glaze 

3.6

3 

12.

58 

57.

59 

3.30

14 

5.6

7 

1.6

5 

0.3

23 

0.0

41 

0.00

07 

1.2

4 

1.3

7 

0.3

01 

0.1

67 

0.0

07 

2.5

9 

0.0

4 

90.

52 

Std 

Deviati

on 

0.8

5 

1.9

1 

6.3

1 

0.60 1.6

5 

0.7

5 

0.0

72 

0.0

22 

0.00

21 

0.4

3 

0.3

8 

0.1

75 

0.1

93 

0.0

11 

4.1

7 

0.0

4 

2.8

3 

                  

Sampl

e 3 

Glaze 

2.2

6 

14.

57 

57.

09 

3.59 5.0

4 

0.4

8 

0.8

6 

0.0

4 

0.00

09 

1.1

7 

1.4

4 

0.3

9 

0.0

18 

0.0

07 

4.4

4 

0.0

4 

91.

42 

Std 

Deviati

on 

0.3

5 

1.8

8 

5.0

5 

0.48 1.1

7 

0.0

6 

0.1

6 

0.0

17 

0.00

3 

0.2

6 

0.2

5 

0.1

4 

0.0

22 

0.0

11 

6.8

7 

0.0

3 

1.6

5 
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