Experimental pottery kiln
CHAPTER 8

CONSTRUCTION AND FIRING OF AN
EXPERIMENTAL UPDRAUGHT KILN

by

Paul T. Nicholson

8.1 Introduction

[Note that Tables 8.1-8.14, and the corresponding Figures 8.18-8.29, arc placed at the end of
the Chapter].

During the 1986 excavation scason two kilns were discovered in building Q48.4 of the Main
City (Kirby 1987, Nicholson 1987). One of these was a large heavily used struclure [2984] in
squarc G4, while the other was a partly finished and smaller kiln [3052) prcsumably intended 10
replace the former (Figure 8.1). It was clcar from the excavated cvidence that these were potiery
Kilns and that they were of updraught type, that is, the fire was placcd below the vessels which
were fired by the rising gases, or “draught”, from the fire. In such a kiln the vessel stack is
usually separated from Lhe firc itself by a perforaied foor.
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Figure 8.1, The cxcavated kilns in squarc G4 (¢f. AR V:70, Figure 3.7). The experimental
reconstructions are based on the larger one |2984]; the smaller [3052] was never finished.
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8.4 Firing 1, 11-3-1989

Firings by the Deir Mawas potter had alrcady been observed and recorded using
thcrmocouples, so that some idea of the duration and peak temperature achieved in firing these
siltware vesscls could be oblained (Nicholson, this volume, Chapter 9). It was discovered that
firings at the Deir Mawas pottery were much less highly organiscd than those to be seen amongst
the mail-ware potters at Deir el-Gharbi, near Ballas (Qena Govemorate, Upper Egypt) (Nicholson
and Patterson 1985, 1989), and uscd substantially less fuel. Lower temperalures were reached at
Deir Mawas than was usual among the marl potters, despite the smaller size of the former’s kiln.

However, although the fucls used (sugar-cane waste — boosa — and sawdust soaked in old
engine oil) werc of a type unavailablc in Pharaonic times, or even early in this century (cf.
Blackman 1927: 150), thc Dcir Mawas pottery produces scrviccable vesscls while using a very
small gquaniity of fuel. Unfortunatcly, thc exact quantity used in each firing is nol readily
asceriainable since it docs not come in discreie unils (i.c. bales or sacks), bui is drawn from a
pile of rubbish and thrown in by the handful. The fuel pile can be difficult to differcntiate from
the foor of the workshop courtyard. Given that fuel is frequently a limiting factor in potlery
making (Rice 1987: 173), it scems probable that ancient potters, like their modem counterparts,
attempted 1o minimise the amount used, thus minimising their costs (howcver defined). Around
the kilns excavaled at Amama there are no mounds of overlired waster vessels, though soft
underfirings can be found around kilns as well as elsewhere. It would seem that these underfirings
were generally felt to be saleable, and it is temtatively suggestcd that firing temperatures werce
kept to a minimum, thug minimising fuel use.

For the purposes of the experimental firing, gereed was uscd, chopped into lengths of
approximately 3040 cm as this had been found to be a convcnient size for stoking the kiln.
Gereed was choscn since it would have been available in ancient times, and so would not
prejudice the validity of the experiment. Howevcr, in the absence of charcoal analyses from the
cxcavated kilns, it is cntirely possible that some other fuel was used instead of, or in addition to,
this.

The first firing began al 15.35 bours on March 11th, 1989, a warm day with virtually ne
brecze (Table 8.2 and Figures 8.18 and 8.19). Prior to loading, the vessels had been allowed to
stand in the sun and So their surfaces became very warm (air temperature 26°C). Only a part load
of vessels had been purchased for this first fring, and, in loading, it was found that this was
inconvenient since the area above the stoke hole could not be fully covered by the number of
vessels in the firing. This left a large gap at the southem end of the kiln through which it was
obvious that much heat would be lost. The vesscls were loaded with the gidr to the bottom and
the bowls on top, and were inverted in the kiln, the bowls forming part of the covering along
with a layer of sherds. In this the siacking resembled that scen at both Deir Mawas and Deir el-
Gharbi. The principle of this kind of stack is hat thc inveried vesscls act as barriers to the hot
gases, becoming filled with heated gases and thus firing. The inverted bowls on top of the stack
cover the gaps between thc gidr (Figure 8.4) and so prevent heat being immediately lost In so
trapping the heat they become fired. In addition, the vessels are packed in such a way that there
is overlap between the layers, rather like brickwork, so preventing any gaps which might run
straight through the pack. These gaps act as “chimneys™ (hence their technical name) and allow
the rapid escape of hot gascs. This causes thc overfiring of the vessels between which the
chimney passes and is also wastcful of fuel.

The vessel charge, once loaded, was covered in a layer of sherds (Figure 8.5). This layer not
only scrves to insulate the vessels slightly and to help prevent chimneys, but is more importantly
a kind of “soot trap”. The carbon deposited during firing builds up on this uppcrmost layer rather
than on the vessels thcmsclves. At the end of a firing by conemporary potters clcan straw is
thrown on to the kiln top. This bums off the accumulaied carbon from the sherds, but, more
importanily, from any parts of the vessels which may have been exposed between the sherds.
Thus the fired charge is a clean rcd colour throughout,

Within five minutes of lighting the fire, one of the gypsum and cement lintels comprising the
north-castern quadrant of the kiln floor gave way, preswmably having become hydrated over the
previous twelve months. Since this material was being uscd, along with concrete, as a substitute
for mud brick or stone, it did not affect the validity of the experiment except in so far as it
damaged one of the gidr, which fell through into the fire and had to be broken up and removcd
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heavy as well as being prone to hydration. Nonetheless, the kiln was easicr to opcrate with a full
load of vessels, and a peak temperature of 890°C was achieved (not corrected for the 28°C air
temperature inside the kiln before firing) (Tabie 8.3).

The amount of fuel used in firing 2, based on the average weight of a palm branch, totalicd
230.43 kg. After the firing the amount of ash left from the fuel was weighed and totalled 40.80
kg, which represents 17.7% of the original fucl weight.

8.8 Conclusions from firing 2

This firing was judged to have been successful, since collapse occurred only in the lale stages,
by which time the point of the exercise had already been proven, namely, that the kiln was
capable of temperatures in excess of 850°C and that controlled stoking was possible with the
central pillar present. The vessels produccd from firing 2 were generally well fired. No vesscls
were lost duc to firing faults, although 1 gidr, 1 bat (for the cxperimental potter’s wheel), and 4
bowls were broken as a result of the floor collapsc.

The greater amount of fuet uscd was arttributed to the higher temperature achieved since the
tength of the two firings was similar. Unforwnately, the importance of the weight of ash was not
realised until it had been removed foliowing firing 1; consequently no comparison of ash was
possible. Howcver, feel consumption and weight of ash as a percentage of fucl weight were
thought likely o prove uscful means of comparison with the proposed experiments for 1990.

The main failings of the firing were again due to matcrials. Since stone was not available for
use as a flooring matcrial, concrete had again been used, albeit with reinforcement in the form of
wire mesh. Although it was realised that this would not survive for long, given its tendency to
hydrate between firings and lose strength during firings, it had been hoped that it would provide a
suitable short-tcrm substitute. This was clcarly not the casc. Experiments should ideally be
undertaken using stone kiln bars, It would be particularly interesting to examine whether the
readily available local limestone would be suitable, at least for short periods, as flooring material.

The provision of ropes around the kiln seemed to be of some bencfit. Although cracks again
opened in the kiln walls, they were prevented from spreading sO widcly as in the previous firing.
Consequenily there was less opportunity for the vessel stack to move or scitie as the cracks
opencd and then gradually closed on cooling. It was observed, too, that the kiln pit had deepencd
slightly over the course of the two firings. This may be aitributed to the effect of heat on the
compacted gebel surface and to the actions of poking the fire during the firing, and raking the ash
out alterwards.

At the end of the season the kiln stoke hole was blocked with unmortared bricks to prevent
sand and rubbish accumulating in the kiln pit.

8.9 Reconstruction 2, 1990

At the beginning of the 1990 excavation scason the first reconstruction remained in good
condition, save that the concrete bars of the floor bad hydrated and become britle, so much so
that they would not withstend being stood on. The kiln was photographed and then carcfully
demolished.

The experimentally produced bricks had not become fire hardened, and many crumbled to
powder on removal from the structure. Some of the surviving bricks were examined 10 gain some
idea of the depth of fire reddening on the matcrial. This extended up to 2.0 cm into the brick. of
particular interest were the mud bricks used as projections on which the floor rested. These had
reddened where they protruded into the kiln, but remained unaffected where they had been built
into the thickness of the structure. The limestone chippings which were included in these bricks
stood out most clearly in the reddencd pant of the bricks where they had hydrated and werc
beginning to break down. This was a feature observed on the walls of the excavated kiln [2984]
in square G4 of site Q48.4.

The kiln pit, however, was to bc re-used since it maintained the correct circumference.
However, the depth of the pit had increased slightly and since it was desirable to maintain the
stokc hole and floor supports in the same position as in [2984], the brickwork was exicnded
below it for an extra 10.0 cm. This meant that the final version of this kiln maintained thc seme

247
















































Experimental poilery kiln

[On the following pages]

Figures 8.18-8.29: Firing temperature graphs from experimental firings. These have not been
corrected for air temperature. T1 = Thermocouple 1, T2 = Thermocouple 2.

Tables 8.1-8.14.
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Fire lit 15.35
Minule TI

a 26

3 33

5 144

8 76
10 51
12 78
15 i45
18 [42
20 157
21 247
25 217
27 263
29 314
3] 328
kx| 354
35 372
37 302
» 420
41 468
43 472
45 486
47 539
49 333
31 528
53 515
55 554
57 565
a0 531
65 517
70 573
75 575
80 636
85 684
&) 677
95 Q7
it )] 733
105 603
1o 629
115 628

RwWn e
BeN oood C oS oo .
T8 DLNAGBECEzREEIZEnd

268

3is
s

278
3z
251

{Comments Minute T1 T2 Comments
120 467 130
125 410 21

Floor collapse 155 23 49

Fire relil

Duration of active firing 1 hr 55 mins
Peak remperature 733°C
Total fug] weight used 208.59 kg

717
730
T1 peak

Major collapse at rear

End of aclive firing

Table KL Firing 1 1989: 11-3-1989,

T! = Thermocouple 1. northem wall af kiln
T2 = Thermocouple 2, eastern wall of kiln

Firing began 11,04

Minute Temp."C  Peak temp.
between limings

0 28
5 145
306
10 288
38
5 378
540
20 516
588
25 588
&10
30 458
510
35 506
40 159
45 375
50 320
338
55 282
6 216 End of firing - fire put
65 188
7 167
it} 157
82 |45
87 133
92 123
9q 16
102 1l
107 105
1z 102
11 i

Table B.1. Empty finng of 1988 reconstruction: 7-4-1388.
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Fire lil 16.35

Minute T1
0 28
2 2
4 300
b
& 39
8 446

i 572
12 634
14 600
15 627
16 585
18 51
w729
2 T4
24 667
25

26 154
28 187
k1] 843
32 848
H TR
35

36 776
3w T4
40 706
42 795
44 833
43

46 758
4% 847
50 A50
52 890
54 850
55

57 839
58 R17
60 819
62 263
&3 806
68 793
0 740
72 752
15 742
80 790
85 828
9 T84

T2

143

248

276

321

32

434

462

423

488

593

600
585
564
588
541

521
616

Commenis Minute T1 T2 Conunemls

595 784 730

D0 786 686

05 187 T7BE

110 733 731 End of firing
115 6BB 6306

12% &30 567

235 191 228

Duration of active firing | hr 5) mins
Peak temperature 890°C

Fuel weight 23043 kg

Ash weight 40.80 kg

Fuel-ash % = 17.7

Peak. Fall in kiln

Collapse
Collapse

Collapse

Table B.3. Firing 2 1989: 25-3-1989,

T1 = Thermocouple 1, rorthem wall of kin
T2 = Thermocouple 2, easem wall of kiln
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Ajr Temperature 31°C

Firc lit 15.24
Minute TI
2 L
4 119
6 143
8 151
10 159
12 180
14 185
s
15 200
18 218
20 245
22 276
24 n
26 380
28 3
30
32 440
34 4B4
36 523
38 553
40 564
42 562
44 555
45
46 550
48 570
50 620
52 634
54 645
56 668
58 675
60 694
62 720
(2] 744
56 775
R 801
0 305
ks 772
T4 814
75
76 828
74 833
80 849
82 E69
84 869

T2

258

492

595

682

770

850

Comments

N. wall gracks

Table B4, Fiting 3 1990: 12-4-1990.

Minule

86
88
89
20
91
92
94
85
9
98
100
102
104
105
106
108
110
112
114
116
118
159
219
279
339

887
923

942
962
944
948
2350
31
922
901
841
704

751
767
48
734
710
687
685
421
266
202
168

890

764

Comments

W. wall cracks

Peak
More W, crucks

Fuel on kiln top

End of firing

Duration of active firing 1 hr 46 ming
Peak temperature $62°C

Fuel weight 153.30 ky

Ash weight 20.00 kg
Fuel-ash % = 13.05

T1 = Thermocouple 1 parthemn wall of kiln
T2 = Thermocouple 2 western wall of kiln
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Alr Temnperaiure 40°C

Fire iy 1640
Minute Tl
0 40
2 77
4 124
G 168
& 214
10 241
12 230
14 3o7
15
16 326
18 M3
20 380
22 415
24 4534
26 472
28 495
30 509
32 51
M 5H
38 543
38 553
40 L1
42 B8
44 643
45
46 663
48 589
S0 725
52 723
54 732
36 T69
8 757
60 768
62 808
L= 800
66 (32
68 247
70 249
mn 867
4 B54
75
76 846
78 i

T2

405

393

$00

885

Comments

»m mw PEN WP B ™ WA o=

= m=R

R Peak
Fuel on kiln iop

Tuble 8.5. Firing 4 199(: 18-4-1991)

Minute

80
82
84
85
86
48
90
11Q
140
200
155

T

748
T3
plir]

637
667
648
519
X
244
193

T2

673

Comments

Engd of firing

Duration of active firing 1 hr 22 ming

Peak temperature 885°C
Fugl weight 120.50 kg

Ash weight 18.60 kg
Fuel-ash % = 1542
R indicales & reducing fire

T1 = Thermmocouple 1. northemn wall of kiln
T2 = Thermacoupie 2. wesiern wall of kiln
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Yessel Wt kg Rimd.cm. Vessel Wit kg Rim d.em Yagsel Wikg Rim dem Yessel Wt kg Rim d.cmt
Small 1.1 125 Howls incl. 1,9 215 Small 14 13.5 Large 41 4.0
Jakshia 1.2 120 1589 29 3.0 fakshia 12 135 Bowls 40 34.0
n=4 1.2 125 =19 17 MO n=4 1.3 12.0 n=11 3.7 330
1.0 iLg 3.3 343 12 12.5 17 ns
45 48.0 16 34.0 5.1 195 4.0 130
4.0 340 44 34.5
Fakshia 22 170 36 330 Fakshia 2.5 160 4.6 335
n=6 2.2 17.0 40 34.5 =6 332 190 3.8 120
26 16.5 33 33.0 2.3 17.5 4.1 35.0
26 18.0 3.3 AL5 2.2 17.0 44 345
24 15.5 19 320 2.8 170 4.0 4.0
22 16.5 14 3.0 2.7 180 4.8 169.0
142 1005 3.7 315 15.7 104.5
3.4 3L0 Experimental
Gidr 4.5 21.0 42 34.0 Gidr 6.0 215 hawls 4.9 -
n=26 5.0 205 * 32 330 =26 &4 2.0 n=16 45 -
5.0 185 * 11 320 55 310
50 05 * 4.0 1440 6.5 4.5 Bals 149 -
56 205 a2 s 50 225 n=32 14.5 -
62 215 67.9 613.0 6.7 235 294 —-
52 205 * 6.5 23.5
42 21.5 Experimenal 4.8 - 69 215 Fired 3.2 a0
50 210 bowls 4.8 - 85 23.0 powls from 30 310
55 21.0 n=26 50 19.5 1989 4.1 34.0
49 0.5 64 215 n=% a0 314
5.3 210 * Bats 102 —- 6.5 215 39 315
%3 0.5 * n=2 2.1 —- L1 22.0 32 20
5.7 210 19.3 - 6.5 215 28 3.0
5.0 205 * 6.5 23.0 3.2 30
52 200 6.5 240 27.4 2525
31 19.5 * Tatal No. of vessels = 83 $.0 2.0
54 EA I 6.0 2.0
55 210" Mean rim diameters & weights 53 22.5 Total no of vessels = B3
53 210" Small fakshia  12.00 113 74 22.5 Total wt of chay 2902
51 200 * Fakshia 16.75 237 6.3 21.0
54 21.0 * Gidr 20.83 522 6.0 220 Mean rim diameters & weights
5.8 220 * Large bowls  32.26 3.57 6.4 215 Small fakshia  12.40em 1.28kg
59 20+ Small bowls - 018 6.2 1.5 Fatshia 17.42 104,50
52 220 * 7.0 1.0 Gidr 2192 6.27
44 215 6.0 21.0 Large bowls 4,07 31.55
1358 5415 1629 570.0

Notes. * Gidr with three handles; those not asterisked have two, Scveral vessels were distonted  Noges: The mean figures given for gid ar based on the 26 vessels actually fired, though 30 were
duc 1o over firing and so have no {rue im diameler so that here only an estimate is given. acuaily puchased. If these 4 are included, the mean weight becomes 6.32 kg and the 7im
diameter 21.90 em. The Large bowl means arc for the unfired bowls only.

Table #.7. Vessels after firing 3: recorded 15-4-1890.

Table #.6. Yessels for finng 3: 12-4-1590.
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Mean weights kgs Refore firlng: ARer Sring:

Vessel Unfired Wt Fired wt Lass % Loss Vessel Wt kg Vessel Wt kg
Small fakshia 128 1.13 Q.15 11.71 Fakskia 14.22 Faishia 14.22
Fakshia 2.62 2.7 0.25 9.54 n=6 n=6
Gidr 6.32 5.2 110 1740
Bawls 4.m 1.57 0.50 12.29
Experimental bawls 0.9 018 oo 5.26 Gidr 130,50 Gidr 13050
=25 n=25
Mezn 11.24
) Unfired 2.3 Previously 58
Mean rlm diameter cms Gidr 6.5 Unfired 55
n=2 13.6 Gidr 11.3
Vessel Unlired diam. Fired dlzm Lozs % Loss n=2
Emall fakshig 1240 12.00 0.40 323
Fakshia 17.42 16.75 Q.67 3185 Large 6426 Large 54,26
Gidr 21.90 20.83 1.07 4.89 Bowls Bowls
Bowls 33.55 32.26 1129 3.85 =18 nel8
Experimental bowls - - - .-
Mean 196 Unfired Previously 4.1
Small bowls 1.6 vpfired
smail bowls
Tahle 9. Vessel shrinkage in firing 3.
Unfired Uafired
experimental experimenial
Number Weight kgs tiles 72 tiles 6.0
Unfircy gidr 25 158.0 .
Fired gldr 26 135.7 Totul day weight including Toisl fired weighis:
Fired fakshia 18 4.7 Fired pieces: 234.48kg 23038
Smali unfired fatshig 10 12.8
Small fired fakshia 2 23 All picces were fired from the fiest firing of 1990 unless otherwise stated, The weights for the
Bowls 2 364 fired pieces are calculated from the mean lired weights from that fising.
Hearth towls 2 32
Small boitie 1 05
Table 8.8. Vessels before and after firing 4: 18-4-1990.
TOTALS: o3 3919

Table 8.10. Vessels and clay weight for firing 5,
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Air Temperawre 21°C

Fire lit 16.05
Minute T1 T2 Comments Mirute T1 T2 Comments

0 21 91 760

5 130 93 817

7 166 95 0 End of firing
9 208 98 706

11 208 9% 755

13 260 101 736

15 2388 158 103 715

17 328 105 694

19 348

21 350 R

23 376

25 414

27 432

20 499

30 299

31 548 R

33 &7

35 6l R Duration of active firing 1 he 43 mins
37 613 Prak emperatere $18°C
19 656 Fuel weight 191.55 kg

41 634 Ash weight 54,70 kg

43§28 Fuel-ash % = 28.50

45 695 466 R R indicates 2 reducing fire

41 78

45 706

51 776 R

53 B02Z 557

55 779

57 T8

59 761

61 79T 620

ER

65 862 13

67 874 13

64 918

69 876

7l 800

73 775

T3 M6 683

T 728

7 70

81 798

83 843

85 855

87 T8 T2

89 758

Table B.11. Firing 5 1992: 19-3-1992.
T1 = Thermocouple 1, westemn wall of kiln
T2 = Thermocouple 2, nonhem wall of kiln
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Number
Fired gidr 60
Fired fakshia 1
Small fired fakshia 1
Experimental bowls 3
Beer jars 10
TOTALS: L]

Clay/fuel ratio for fiing 6 1347

Table 8.13, Vestels and clay weight for firing 6.

Weight kes

3132
16.59
1243
21
18.3

394,75

Fire Jit 17.13
Minute T1
0 26
3 89
6 125
9 148
10
i2 184
15 193
8 260
20
21 274
24 367
27 40R
0 412
31
33 469
5 535
1/ M7
40
42 612
45 523
48 625
50
51 630
34 565
57 649
60 739
61
63 M3
66 705
69 TI2
70
72 768
75 698
I’ 686
80
81 694
84 628
87 606
o0 572
g1
9 512

T2

66

122

205

273

M6

424

452

502

473

Comments

Durmion of aciive firing 1hr 27mins
Peek tlemperature 768°C

Total fuel weight used 113.7 kg
Ash weight 28.2 kg

Fucl-ash % = 24.80

T1 peak (actually 780 belween readings)

T2 peak

End of aclive firing

Table 8,12. Firing 6 1953: 11-4-1593

T1 = Thermocouple 1, westem wali of Kila
T2 = Thermocouple 2, nonhermn wall of kiln
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Square Unit Wt prams Square Unit Wi grams
D3 3713 120 G3 2929 80
D3 3372 330 G3 2927 110
D3 3720 150 G3 2885 20
|p ] 3154 720 G3 2886 70
|p ] 2903 430 G3 2928 25
|p ] 3162 250 G3 2934 150
D4 3156 B8O G4 2983 10
D3 3785 2790 G4 .2987 20
D5 2902 580 G4 2991 80
D5 2984 50 G5 3354 70
D5 3784 (2 sherds) G5 3394 20
E3 3165 50
E3 3123 190 Total weight 13.85kg
E3 3220 10
E4 2903 10
Ed 2942 (1 sherd)

E4 2941 20
E4 2979  (Clay lump)
E4 3007 120
E4 3014 90
E4 2946 10 Small individual sherds not
ES 014 1544 included in total.
ES 3722 1955

E5 3785 60
E5 3759 50
E5 3744 60
E5 3743 40
E6 3029 (1 sherd)
E6 s 440
E6 3038 270
E6 3785 580
E6 3036 60
F3 2949 50
F3 2954 220
F3 2940 75

F3 2953 100
F3 2962 30
F3 2938 530
F3 3089 20
F4 3084 50
F4 3091 20

F4 3063 25
F4 3086 170
F5 2998 30
F6 3328 20

Table 8.14. Weights of unfired sherds excavated in 1987 from the area of the kilns in building
Q484 (AR V).
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