
1 
" 

" 

I 

t 

ANCIENT MONUMENTS LABORATORY 

SERIES/No 

AUTHOR 

TITLE 
• 

REPORT 

P2'.'of. ~~ F Tyleco-':e 11.11.78 

Exe.roina-tion Jf ROffii::l.n i;;;.nd ~.:,--;,uie'/al 

Iron frO~:l iunJbury, DOi ... set. 

• 

! 



;' , 
~ .. 

Examination of Roman and ~ledieval Iron from Poundbury. 

by R.F. Tyleco teo 

Introduction; Hethods of construction. 

The main problet!ls "Ti th early edge tools and cutlery were to 

combine carbon steel and urought iron to ~ive economy in the use of 

steel, and to o-;.rerCOTIe the lJri ttleness o}-: eR.rl~r carl)on steel. The 

reason for the hieh cost of steel H'2.S the sloi'r r8.te at \"Thich diffusion 

of carhon. into iron occurs in order to cOTI-vert i -t: into steel. The 

condi tions must be reducing and require a tet!lpera ture of at least 

9000 e; a ti"le of 6 hours would give a depth of carburization of the 

order of 0.1 mn. (2.5 IDt!l). By the early medieval period steel cost about 

five times that of iron and could only be made from iron made from low 

phosphorus are which is relatively scarce. 

Thus a number of techniques for combining iron and steel ",ere 

devised. By the early medieyal period four l;ell-differentiated techniques 

of uelding can he seen (Fig. 1). But in the RO!.1an and pre-Roman Iron Age 

simple car":)uriza'!;ion of iro~l -:ras 3till bein'5 practised. ZYen so, as U8 

:::ee froLl the Llyn Cerrig Bach chario t tyre, good quality hosoG,'eneous 

steel could be produced. (The carbon content uas about O.8~:~ and the 

hardness 250 HV). 

The sneci:1ens eXH::li:c..ed uere eli t fl"O:1 J~lle tool.'), pD.rticularly 

the knives, which showed evidence of residmal metal. In cutting, the 

bulk of the scale flaked off so that the metal examined is comparatively 

free of scale. 

After sectioning across the lddth of a blade, or part of a 

blade to give a "V" shaped specimen, several specimens ,rere mounted 

in GUCJl a ~'lay that tl1eir cro3s-sectioY'.s ;·rar:: e~~ay;:inecl. The l:lo1Jnts ~'lere 
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polished, and etched in a zfo solution of nitric acid in alcohol (Hi tal). 

Resul ts. 

i. Roman mostly 3rd 4th century AD. 

Fe 57Lt. Nnil rod or l'Tire fron fill of latGr 4t~1 century Grayes. 

Hainly fine-grained ferrite crith a little slag and SOrle 

granular carbides. Hardness, 134 - 143 EVI. 

Coarse-grained ferri te I'Ti th sarle sla;-;. A he,!~dness of 137 II7I 

sug,sests apprecia.ble pho~phorus content. 

Fe 262. Iron I'Tire fragl7lent from the 3rd - 4th cent. settleli~ent. 

Fine-grained ferrite loTi th some spheroidised carQides. The hardness is 

138 HVI which in vieloT of the carbide content sn'';Gests a 101'1 nhosnhorus 

content. 

Fe 176. A round "1)illet" !!leasnring' 10.5 by 2.7 em r.iam. 

Possibly intended for nail-Daking, this came f::cof:1 the fill of 

later 4th cent. g'raves. }?il!.e-~rained ferri te Hi th sone slag s-:;rin-3ers 

and :jrain boundary C:ll"')ides; hardness 150-1 S~ ~~'!l. 

We 567. Ob,ject, :oossi"bly a ~{nife 'Jlade frOll Ro:·~an ce~1etery 3. 

The structure is of the Nidnan8tEttten t~rpe 1·ri th rather sp~-cel'oi(}.al 

pearli tee It is fairly honogenous "Ti tll very Ii ttle slag'. ~Lle he,rdness 

iE 135 ~-::'11 uhic~'. 01J.'?38stS lo~-r ~0l~o2n~~ol"uS. 

Fe 497. A knife from the same cemetery. Hade of very coarse-Grained 

ferri te ~Ti th little slag. A hardness of 201 H'T suggests apl)reciable 

phosphoI'l..1.s. 

Fe 26,1 a and b. Tvro possible ring-handled !Olives from 3rd-4th cent. 

Late Ronan levels. (a) contains a good deal of carbon but it is distri-
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areas of sorbi te or ter.lpered martensite'l'li th a hardness of 229 HV,and' 

lOlier carbon areas of coarse-grained pearlite 1·,i th ferri tic erain-

boundaries f:aving a hardness of 131 Irl. The pe2.1~li te is sp:1ero:!-cli;3ed 

ro' ther than lamellar shoi-Tin:::: that it h.'?d ;Jeen held :or sone time bet~1een 

(b) is all ferrite uith 78ry little slaes. The l1ardnes3 i;-3 134 irJ. 

suggesting lou to !~lOcler3.te phosnhorus. r:;;here i8 0. Ii t-'cle pearli te in 
~ ~<St.. <!.tJt..<. \- e\A.t:· 

places but ~l9:0es not ar10unt to y:ore than 0.1) ~ an;;rw1:.ore. 

Fe 36L1.. A ]rnife fro::! the ROP1Ell C8"2etery r:o. 3.- \'ery heterOGeneous but 

clearly .steeled. The join is cli2'fuse. The bac~;: is TIlo.inly ferriJce \,Ti th 

a hardness of 150 FIV. The cutting edge is ferrite + !>earlite with a 

;-lidnanst£tten structure indicating that it has ~)een at a l:.i;~h te}:tperature, 

cooled ranidly a.nd i'eld a.t 600 - 700 0 C "".ich c,Y)heroidised. the y)Garli teo 

2. PO:'"3t - RO~',la:-:. 

A. Pre - 3axo~n. 

consisting 0:: fel"ri te \"Jit~-i partially sulleroidised ce:'l8nti te. Ir~le carbon 

content varies frOB aoout 0.2 - O.)~ .. at the cutting edge to 0 - 0.2" at 

tlle back. '.r::'8 :,12 .. x:L:u~'! hardness is 214 :rrl. Unless suppor"ted ~Jy 00~le 

har:J.mer hardening at the cutting edge, this 1'lOlllcl not be a "lrery efficient 

J:.nife. 

13. Post Roman - Saxon or later. 
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1dth a carbon content varying from about 0.1),; at the back to about 

o. 6;~ at the cutting edge. The corresponding hardnesses are 105 and 

210 ~:71. It ~-rould seem that the car~;o~1 content l~ad ileer: achieved "oy 

long ..... tern car'eJurizing at ahout 7500 0 or, p08si:Jly, hi::h t8'l'perature 

of 19S ::'1. -~:;lded 

-;;hi te deca::..."~)urized bands ~Thich do not seem 'co lla78 l~.:;sulted fron 

arsenic enrichment. The r'lid-section is ferrite-ancl-pearli te ui th about 

O.4J~ C; the pearlite is not :sesolvable at x 600. Tile hardness of the 

cuttin.r: edGe of tempered !:lartensi te wi th SO!~le excess grain boundary 

car::;ic.e io 553 :~"Tl. It seG:!;} that the hea t t~c8a tl'18.nt has '.lsen done by 

:rr2;die~lt heating ~lith the edge of tl~e ~c.:life l:eflted to '3000 c 01" 20 

and tben. q_l1.enched i::11;O u-ater "Hhile the re:rc of -cl~8 ~::~:.i?e '.1['.8 :):-co~Gct8d 

78 6? it is ~octl~ tubular 

;_,,-id-~3ectiol1 an(l the fac!.;. 

that its construction ShOi'TS that it consists of an outer piece of 

s tee1 ~'lelcled to an inner seI:li-tu~)e of iron ~vol~lld seen to co:o.firn the 

chisel l:ypothesis. Jut the ir:ner iron part is ferritic tJitll a hardness 

of 177 Jr.!. In the absence of carbon this hardness shous that it is 

" 
,~ 
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steel with a l'ridmanst!l.t-~en structure with a hardness of only 146 HV 

sholdng that it is 101'r in phosphorus. This ;rould be logical if the 

cuttinG edge of the chisel was intended to ~)e car:1urized. UEfortu~-_ately 

it is badly rusted and it ~T8.S not possible to COEIirD1 thi:J. 

Fe 125 • to... knife. This c.onsis Jc8 :/1'8clo:lina:'1tly o:f tenpored :]c,r-toY1site 

. ui th a sr2all piece of lou oo.r:Jon 810.[;&,'y ferrite \·reld.ed to the ~;e,ck; 

Fe 126. A knife iron the nost RO!'lan settlenel,-t. A:1 LlteresJ~i::'1:3 exan-ple 

of pattern Helding; after etching in ~:i tal it ':-TaD found to cO:'.lsist 

of al terna te streaks 0::: a thick dar1::: phase I'Ti -ell t:-lin streaks of 9. liGht 

phase. The thin streaks are chevron-shaped (7ig. 2 (0), shouil1g. that 

after being put in as laminations tl1ey rRcei ved for[l:'i!1':{ :9reSGU1"e Ll such 

a ;1e.y that t~ley were bent at the centre liT!.G of the "l)le.de. fI'he li:3ht 

aM..d... 
phe.se is a :pure ferri te ~ it has <l ~lCl.r(~l1e2S o:~ :~e~~'JeGll 276 o.:1d 330 E7. 

T::18 ·bac:-:: COllf~ists of ferri te-8.nd ~)earli te :Ti t~: 2. ca:;. ... -.'o~~ cO::1-;::ent of 

'Jetuecm 0.2 and 0.4;: 

~'Ti tll. a h,'.l.rd!.18s8 of 330 !·~TI. i';:l~e JOLl is dif~us8 

Hi tll no sign of aroenic enrich .. '"1ent. 

U!J.S tra ti fi ed. 

Fe '339. So-called "nol ten iro~1 scrap". This is nell-corroded for~ed 

sheet metal. It is mostly coarse-grained ferrite with a snall aLlOunt 
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The slag contE:nt suggests that it is wrought iron of Victorian or 

much earlier date and not modern mild steel. 

Fe 522. All rust. 

~e 21. 'Jnstre.tified ~-"ut in e. Ronan or nost-Roman cOlltext. rrhis is a 

shar}! homogeneous knife uhicl1 Beens to be entirely t8T1pere4nartensi te 

iri th a he..rdn8SS of 401 ~I7. 

550. 

intel~e8tiIl,r-:,~ ,'),ErJ. 

o"e ~;e'to ";i-r,c 

n:'lll.saal structure. c2.ri)uri 3 eel 

hardness 0:: 156 II'!l. ~~1is has been \'relded 0.10:18' :}lost of the ~Tidth 

of the blade to piled urought iron in ;IThich the 7ery coarse ferrite 

has a ~~ardness 0: 125 ~t7. ',n,ile the pearlite is 

Fe (.)03. 

the one aJove. It is :1uch the same ill cOTIstrnctioll ~)ut a piece of 

Y:- I 

" .. 

nedie""Ial ~'linchester, and prohably represent a develo~in8' situation 

froI1 a T'·3.ther pro-rincial (?) 8ettle:le~lt of the Ro::'!an neriod to an 

i::2proYin~-:; s:J.i thing situation in the post-Roman period. 
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cutting edge •. The three undoubtedly Roman knives are poor Hith no 

heat-treatment at all. AclOngst the Saxon or later knives 118 find 

thTee out of seven up to tlOctern 8tandarcl:~; .. 1J.1~:;'Q el='o:::~t :?u~ L-:tQ the 

1)13,ttern uelded blade uas ID,l"c,'ely uasted if -:Ie loo'{ Unon it as n.. 

cut-:~i~~,',; i'1.plwJcnt. 

'rhe i:1prOV8Hent i!1 the 18'701 of l:eat-tre3.t~ent c:dter the 

The ot~"'_er olJ,jects, i.e. nostl:! nails )aT8 x:o ~:10rG t;,~o.,~ Ol"1..8 

lTould expect) i. e. llrougl-:t iro~1. The rour:d "')illetn ::ras nODsi ;}I~r for 

phosp}-.:.oric iron. 

.As 

is clear tt~t t~e source of tllG 3ctel NaS 
W~ t..i.SL..",- pL.. &8f'k~ 

iroll, e.r~. -:;l:.o.t L1 :~e :~~rt. i;~Lile tLat i~1 :~?8 736 

o· , '- . -

603 

B.nd 550 might be considered as a ;3u',)-di -lision o~ ;::;:T118 A. 

) 
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364 

30g 

7'36 

605 

125 

5'04 

126 

523 

21 

603 

Table. 

Summarv of results on Knives. 

t" n ~,,("l ~1 e~ 0 ( ,,"-THl ) _:'<"_,". ' .• " 'J ,-, ,_" , 

TVn8 :Sac',: BC.t;8 

IJ~ 135 

201 201 

150 205 

214 

car 1:/'U1:l i.etL 105 ?'-O 

steeled 136 553 

s ~eel eel 160 520 

110--' .. 0:: • J.r:;~ lS? 

P. -':rel(~ed 1'35 

steel ed 170 __ , L.. 330 

156 

All ~erritc ( + p) 

~~i::;}:_CQj:':)Ol1 cn"t~:;i:;.::; edGe. 
~:o t 'l'lGYlched. 

l·lastly oar-:en.']i t8 
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