= < 1 SN Y v
WALlULAEN30 AN YR IUNAIlUTINARUIUUAY
1199899LUSIU UIALNS”

The Ancient Iron Smelting Technology at
Ban Na Tum Archaeological Site, Ancient
Muaeng Long Town, Phrae Province,
Thailand

Received: August 1, 2022 | Revised: October 2, 2022 | Accepted: October 19, 2022

wangue lyesa”
Phonphayuha Chaiyarot

*Ummmﬁlﬁ]ua’awﬁwaﬁwmﬁwuﬁ‘ﬁsﬁuﬁzyzymmﬁmﬁm o “Tumalanyinenves
dlosaew anuddgrenvanseysy Timansuazgaulufuunudiuu”
This academic article is part of a Master’s thesis titled “Archaeometallurgy of Muang
Long: the Significance of Iron in the History and People of Lanna”
= n@Anwsgauligaln @avnivlusund Sufieine1dy anineiaefaling dua:
PhonphayuhaChon@gmail.com

Master’s student of Program in Archaeology, Graduate School, Silpakorn University.
email: PhonphayuhaChon@gmail.com



UNAMEYD

unauiidunanis@nviniediulusialansine,
(Archaeometallurgy) lus1auad (Archaeology) uagUsg iRenans (History)
yosuaslunaafthuuddaiuuasaguvinveaiiesasslunu fmia
uns fislnsnguvdneglutianmsamsseil 23-25 Taeiiinguszasdiile
a%mm‘wﬂiw’mmiaqﬂmﬁﬂaﬂﬂmﬂm (Chaine opératoire of iron ingot
production) IngA1eyt AR wazduaTwiaeRANs Antoyandng
malusadangine nangiunalusana vangiunilseimansiasng
MsiAsIEEmlusalansinel

INMsANYINUIINISagInanveraslusanftuugu e
0QUMANNIIEY (Shaft Fumnace) Nfin1sasnsdesszuignznsubueanyng
AUNTAT geUszanal 70-80 WURLIAT STUULATEIGUANLUUABINEY

& ' . a1 | v a
#38Ld1 (Double piston bellow) ngilvesdonvioauuarUaieviuvioaudu
wRgN UL EsteLdey dmsumeianisogaulunisogamin
WUUN9MSe (Direct Process) 9aunfilngeegl 1,175-1,200 semiaaLies
a | & g Yo = a a ¢ . = ° a 1l
auusimdniliunagaluriingunlng (Hematite) Felinnsvinnilosegi
Aeewwan ddnTaiusenindunsanuasidamas uldileuds) egh 1
slo 2 nsagamantiuuduiliuniswdnuaman (ron Ingot) viasionIva
' & ' o W A o v & A oA - o
dhawanuiswdiniesuasiunuaglduussuiunsedieniaddlunsa
Sowresdu Weswedunaaunsandnnamaniauiuiaegisies 40 vy
Wi 2.4 fu Aol lnenamaniindnnidesaestiehdauain dasing
TUNITINNTIY LU ATIRABIANNE VAT IMANUATUNTVRIAT I Lven]
Tusnadidnuns e we. 2453 nanndn “.idvaes wianasdlvadulng
AINERUINNIN...” WiodwuluYerMIaUWITIng 1231 “wmandiiies
a4 noshiilommzien” \Jusu

Ardnfsy: Wesaey, win, N150aunan, N150gANANNATY, N3dEIe

192 | oo



Abstract

This article aims to provide an Archaeometallurgical, Archaeological,
and Historical study of Ban Na Tum Archaeological Site, which was Maung
Long’s iron smelting site from 18™-20" century. The objective of the article
is to reconstruct the ancient iron smelting process (Chaine opératoire of
iron ingot production) by using archaeometallurgical data, archaeological
evidence, and historical record.

The result demonstrates that Ban Na Tum’s smelting furnace
structure is 80 cm high and takes a shaft furnace shape with a double
piston bellow system. The smelting technique is a “Direct Process” and
requires higher temperatures of approximately 1,175-1,200 celsius degrees.
The iron ore is hematite, which was mined at Doi Lek Mountain. The
ratio of iron ore and fuel is 1: 2. The iron ingot is both the annual tribute
payment to the ruler of Muang Lampang and the material used to produce
iron equipment in Muang Long. Muang Long could produce at least 2.4
tons of iron ingot per year. The iron of Maung Long is of good quality. The
Lanna people always say “The best quality iron is from Muang Long! The

1”

best quality gold is from Maung Phayao!”. Moreover, in some Northern
Thailand literature, such as “The poem of the ruler of Maung Phrae’s
palace celebration; Sriwijaya, 1832 A.D.”, describes iron from Maung Long

as not only strong but also sacred.

Keywords: Maung Long, Iron, Iron smelting, direct process smelting and tribute
payment
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080620_#76 ﬁﬁuuﬁm 4.108336135|2.318111451 | 7.080568144 0 0.134037335 | 0.095363892 | 86.26358304 100
080620_#77 ﬁﬂumﬁu 4.318736863 | 2.476232278 | 1.865975982 0 0.098462506 | 0.065954623 | 91.17463775 100
Anaiy 4.0159060972.980671758|3.699008089(0.077902596|0.118507154|0.074813014|89.03319129 100
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uenaniifeyanisssdiinervad i dundduuivinvionss
mandsegvisoonlumasnuiians unnidsanieveunadusiand
thundudszana 1 Alawes Inoduudmingnsdunsininii
ANNNGINNNTENTIINEIEIMENvRINTINI NS IEETe T
2518 wuhdAuwsmanimulunesmaniidimansenlediadennnnii
Sowaz 70 (UDS and Thai Royal Department of Mines 1975 : 76)
LaziilowSsuiisuiuannsgununwauLsianyesesAnsimun
11M391U81Na (International Organization for Standard) 11913314
7l “ISO/R1248-1970.” Fsdpuisnungud lneAuusinandilsainney
manoiduduusinanduas (Red Iron Ore) insa “B” fiflmneenlus
Tufeuusiadlsisnindesas 70-90 (walld Inanasiufinad 2546: 21)

uwidsuiminneswaniinsnanndsianssunisimiiosiou
wmﬁﬂmﬁiwﬁ 23 \Juetetios(Quny uauan 2554: 119-120) donARD
fumsdramslunuafinusessesmsiunilosuuassman 39
fienudululaingisagundnainuurasiusaaidiuuiduagly
Uszleaianndunsivanueinasinaniiog

A19197 3 LARIANIAUTZNDUNINALT (Wt%) Uasduusianiinuly
LAILUTIUARADULAEN 31U 4 Fa8d

I3 s
% ENﬂ‘UiSﬂE]‘U‘VI"I\?Lﬂ&I
ID g Wt%
a MgO AlZO3 SiO2 KZO CaO MnO FeO 334U

080620_#54 C'WBEILV!E‘W 4.245524656 | 2.187088459 | 1.777740352 | 0.009941311 | 0.154031845 | 0.001871306 | 91.62380207 100
080620_#80 ﬂﬂﬂm?‘iﬂ 4.721258753 | 2.851453306 | 9.430831222 0 0.164309154 | 0.326982227 | 82.50516534 100
080620_#56 maumﬁn 4.887511061 |2.004231155 | 1.488522553 0 0.121660347 | 0.077004671 | 91.42107021 100
080620_#70 ﬂaﬂmﬁﬂ 2.803496463 | 2.815477217 | 2.216439512 | 0.093330075 | 0.091892384 | 0.110941783 | 91.86842257 100
n'ﬂmﬁu 4.164447733|2.464562534 | 3.72838341 (0.025817846|0.132973432(0.129199997|89.35461505 100
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Uszansnmlunisags
UszAnsnmlunsngeanunsninseiliannnisnsiaaeulag
n1sUszifiuaduainisalunisndnlansindnainan RIl w30
“Reducible Iron Index” Fuduainarsfiuiandnaruvaanan
vL sa Ud‘ 2 IF[, e & ° = W T,
panlundasyivaavieatlungniu dgnsinm fe Fomg W8
HAN1FATLINAT RIl vaauwnaslusuaav uuguiaviniu 0.33 vise
tounin 1 wandbiiiuinnisogeldaunsailaeumdneanlendass
(Free Iron oxide) Winaneilulaneindnlavianun viliasndesglu
U = 2 5 = ¥ Y @ 1 <
AENFULINGY 60-90 %wt fetuTse1vaviouliiud n1saquman
Punadusaafviuuduenalidunevioliduluniiazdesusu
an1zngluengs Wy eaumgiivieUsunuaungusainlulussuy
g9 1usiu Waurandnannsagabilawmaniuuzunaunn
uenntidlodanasumiswomenfuluuwugiive “FeO-SiO -
ALO,” (Ternary Phase Diagram) WNUIRUNIVRINYNTUTDIUNAS
TusaeatuugnznaulunNunNEendt Wul “Optimum 27 &
ITedunnimginssuvesnisaasluiunfasliviinanvomaniosly
BNTIAIUTENINUIUABTOINGN 1: 250 1: 1.2 uazlaiflanudiune
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Tumssnweamgiilvinsiinaennaniieingniuvassmaividednus
vilsfinnudangulunsuivangamniluiiosngs uazUiinameslans
wiEnldnnnsnasaziiviinaditesniinisnadluiiud “Optimum
17 faddidomdannifleasnannzneluelifiangfidedens
nq9ge anansafismananidulavemanluyTunasnnld (Chartton
2010: 357) mmﬁaaﬂmmammu “Optimum 1” o1ailkasnadils
PrenquvAndesnileindafiunndeunasfenisussuegen
Tumsguasitesnugamaimeluviosnadliinsiinaniian Wudu

2 0
100
1593
1650°
10 o
@0
Two
Uquids 0
80
15m0*
0
Cristodalte 70
« Jun
Optimum 1 0 )
16387 Tridymite
0, 1300 @
W 06
z Iron Cordierte
200 P, 1300° ©
Fu S0, "
|.U5 Il
oy
70 %
Optimum 2 1500
177
Wit 4
>/ 20
/”/
@ 1700° 10
1369° Hercynte 2020°
=55 7 - ¢ y T y - ¥ 0
FeO o “ 10 2 0 0 @0 60 " gk 70 ] a0 100 AL O,
{+ MnO) 7

u,wumm 2 90 Plot aamnu Tuituil “Optimum 2” maaLmaaamammaﬂmmm
mummﬂ,uLmumamamamaﬂamwam N3 3 laviy L‘Viaﬂaaﬂvlﬂj(ﬂ Fareulneonlonuay
auqmuauaaﬂlmm (Ternary Phase Diagram)

(#isn: Michael Charlton, “Explaining the evolution of ironmaking recipes - An
example from northwest Wales.” Journal of Anthropological Archaeology 29
(2010): 357.)
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(Open Cast Mine) instnausilnsifiesnynduuslnefmunszeziim
alflndideatuiszylilwenanslusm lnsnmeudondsuaud
nanatansUamilesdunsnanlunareuiiondeuay anudn “.
Auyave o 3197 1few 6 oo (7) fnunailisuil .~ @¥ad dos
ana 2546: 196-197) namdeiinisinisiliavewilemesivinias
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Auuswdnvesdlesaosiudumagamiionanzia lasazrhmalla
vamilonfiothauusminlungdutisssernamimesduinby
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¥513A (Technical Ceramic)

\Hunsviauazernduusivaniiaziunoguitefnduilsl
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o’ o 4z A ' v ' v & a
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3. MINRIMEN

dnuaizwaquranvetatuaeftiuugy Tdnvaslu
\NnRIMAANSIEs (Shaft Fumace) Tifimsasistosssuiengniuiu
gonIUMLeN Audayuuluguaes 817 1-1.2 wes 0319 35
ung AonTsTugaUssann 70-80 wuRiuns wifamiinumn
Ustand 10-15 wufuns uenandddimaaiumuudausaoan
MENNIMELSEBgE B RUTAT UMNIANULBN IARULEINDNTIUAIEFY
willeadntu srumimniidessruneeniududosuuindn dunds
fnsinzgananiifumvuaduriuguinats 13 wudilues e
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auvilaalua
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nszven dllifenegfuuudmiuinautieeniidiudrsesnszuen
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anwazilunsinszuenawingnUssanm 30 WwuRues lngvaieiu
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(Evrard et al. 2016: 119)
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