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1. INTRODLY TION
Before a pot reaches restorauon, the srage o he described in this paper, 1uis assumed that 1o will have recaved
carciul conscrvation treatment 1n the {icld and laboratory to remove encrustations, salts and stains, “without
damaging the basic constituents af the pot (€. lime temiper) v deheate decoration Patehes of the surfate will
not be missing in tape-shaped cectangles, and it will not have recerved treatment which might prejudice future
analysis, such as destruction of cantent resndues, or overheatng (above about 100°C) ot radiegraphy which could
affcet thermo-luminescence dating. For tl.a sample is gencrally st preserved dampanoats carth matnx. 1t wilh
also have been consolidated if necessary, with a suitable material on the surface orn depth.
The reader is referred o NDowman f11, Gedye {2] and Larncy F31 as basic texts

2. MENDING

This is generally best carricd out by starung at the Lasc of the pot {ora thetep of there is nn based, and building
up one sherd ata tme. Lt will be casier to find the correct sherd if they have been sortcd out on the bench by
posuion {rims. belhies, bascs), oricntation (from inner throw lincs and other cluesy, and colaur variarions, The
result of yiclding to the temptation to bu'td up two ot three large preees s usually that the sccumulated errors in
cach section make perfect joining impossible. Each successive sherd is tested 1o besare that it [its perfectly and
does not need further cleaning, and that it will not ‘lock out' 2 sherd 1o be added later. Sherds must never be filed
down o fit in. 1f the edge of the ceramic is friable enough ta necd consolidatian, it is often advisable to
consolidate all the {ragments, cather than the edges only. since tiis may resulein a new break at the interface of
the consolidated and untreated zones. The needs of each pat must be yudged individually.

Sufficient, but nog excessive adhicsive is applicd lightdy to the centre of the broken edge on toth sherds. They
are then joined, ‘wiggled” sliphtly ta scttle them, and dred in cquilibrium in 2 box of finc, clean sand. The mend
is judged sansfactory il the edge of a {ingernail can be drawn across the joun i either direction w b no sensation.

{n cascs where the pot has sprung. or where many suppogiing peces arc pussing, padded clamps, string

bindings, and other devices raay be required.

1, GAP-FILLING Wi LH PLASTER

The use of plaster is an art which requires expericnce. A.J.K. dough can aiso be extremely useiul by nsetf. or e
build a supporting {ramework for plaster reconstructions. The advantages of plaster are that 1 1s InexXpeasive,
quick and casy to make up, and heavy cnough to actasa counter-balance swhen half of a heavy pot is missing. The
filled arca can be sculptured precisely to irregular shapes following the lincs of the extant portions. The
disadvantages of plaster, ‘ghosting’ {traces of plaster left in surface irregularitics) and fragility, can largely be
overcome by proper working tcchniques. Plaster is not recommended when the finished product will be
incorrectly handled.

‘Ghosting’ can be minimized by careful workmanship, by using pre-tinted plasecr, and Ly the application of :
coat of PVA solution to the surface around the area filled. This is removed afterwards by carclul rolling with .
solventsoaked swab. Pwrcngthcncd by mixing 1t up with very dilute PVA cmulsion instcad of witl
plain waier.

~Othermaterials can be added te plaster to make it more plastic or to change its colour. Thesc additves mus
not excecd a total of 25-30% dry weight, of the plaster will be weakened. Plasticizing materials include kaolir
bariumn sulphate, calcium carbonate, non-bake modelling clay, carboxymethyl eclluiosc, Polyfilla, marble powde
and gum arabic. Srandard recipes can be drawn up after oxperimentation with local matcrials 1o determis
warking prapertics and degrees of shrinkage.

Pre-coloured plaster is casicr o work with than white plaster preasion of farm is easicr if the colour contra

arly on cracks whe

berween pot and piaster is minimized, {inal paint ag may be avouded oc lestened (paruicul
neatness is difficult), and any seratches recaived in the futusc will not show up so glaringly. powdered car
pigments may be used to colour plaster, but the colors used by butlding construction {ifms o tne cement are i
less CXpensive and have freater TNUNE power, so that smallcr amounts can be uscd. Dilute PVA cmulsion shot
be uscd with bone and famp blacks, as these are cspecally weakenng, The final effect of standard colour reeif
can be tested rapidly by muing 4 cmalt amount, spreading it ana piece of semi-absorbent paper and pressing
s dry on the side of a tunpgsten tible bamp, which is also used to provide raking hight for refinishing.

The main disadvantage of ‘,.rc-cohmrcd plaster is that il now plaster must be added to already sct plaster, &
of the same recipe, the colour will not he the same at the join, This can only be overcame by carclully sculpt
down the enuire plaster arca to prc;is‘cly the same shape, fut 2 mm lewer than the Onal surface, and using
batch of plaster ta cover the entite area

Successful plaster worling depends on thorough wixing, precise apphicadion, and refinishing when the pla:
has set, but is still damp.

1. Preparc a support for the area to Lo filled by pressng flar, smooth, tledusted plasticine, of

dental wax which has Leen sofrencd in hor water and penmed to shape, against the inside of the extant par
irrcgu'lnrmt

a1 sheat

the pot. U possible, this <hould be done dameoeally apgee-ite the missing arcd to repraduce any
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shape produced during manufacture. Plistcine s uselulif tie suppurt shape siust be ereated ©x nove, but dental
wax gives i less castiy deformed shape. and s ikely 1o drop out ata cnincal moment.

2. Attach the suppaort inade the pot by pressing the penimcicr of the plasucine againet the pot (Leing careful
not to deform it or push it into the area ro be filled), or by atraching the wax form on the inside with masking
tape.

3. W the (racture swifacey s uh water Gf the ceranuc has not been made inpeemeable by consolidation), so
thag the ceramic will ot Jr; slaster. PVA emulsion can be used of addinonal strength seems

necessary.

4 Sife dry plaster anto water wntld the plaster {omis a cone «haped mound protruding shyhdy above the
surlace of the water. { he anthar has always done this the othier way round, using a medium-sized enema bulb as
a converently balinced und controllable water dispenser. the mierhod niakes it casier to judge the amount of dry
plaster necded, but dous not work for evervone.) Atixing 1noanost convententdy done ina she cow half-soceer-ball.
Hold the container in the palm of one hand and nux the plicter o the water with a plaster spatula, gency at
first to avord bubbles, then by crushing the minture agamst the bottom with a1 stdeways mouon. When the plaster
no longer feels gracey ad has begun to ser, v s apphied fiist arcund the edges of the gap aad then in the miidJdle
untl the entire ares is stightly proud.

Any nanipulaton of the plaster after it hus set past creamy consistency wall weaken 10 This may be
campensated by using PVA emulsion in the water, if putty consntency s needed, but this is never as satislacrory.

5. When the plaster has see but s sgill dawp, use a straphr-sded, toothed plester wol, held perpendicular 1o
the swrfaee, to cut the iitled acea to its fnal shape. This o more casaly controlled than a secaighs blade,

6. While the plaster & sull damp, remove fimishing marks and perlect the shape of the fOlled ares with
mastened medium grade “wer or dry’ emery paper, folivwed by hine grade. Do not ute excessive water or
pressure. Manual sensitivity is critical at this point. Band a ol wrist shoufd be used as & semwitive but Fici
template.

7. Any sinall hollows or pockmarks can be filled ar this point By using some of the damp, slaked plascer used
tor the pap filling. Small anounts can be coushed inte a hictke more watee and applied with a fine pant brash. i «
new bateh of plaster 1s nuxed and added on, the old pluster will atsorh worer from the new, causing a difference
in calour and mzaking the new plister much harder. Finishing will wear away the softer plaster around the new
arca. beaving bumps and valleys. [t is usually easier (o remove 2o insufticiendy filled area and siart agair, than to
parch.

8. lmal surface textunng to match a coarse surface is bost done while the pluster is damp. Smooth finishing is
done dry wirh fine emery paper, avoirding dust. At no tme must tools or emery paper touch the original ceramic.

9. Cracks can be filled with coloured pluster, acrylic puty, or Polvhlla, They should be timried while dainp.

1. RECONSTRUCTION OF SMALL AND MEDIUM-SIZED POTS
There arc many ways of reconstructing pots of which large arcas are missing. Variations of gap-filling may be
used, with papier mache or A J K. dough latnices; one of the exniest ways is to use = clay inner form.

This 1s done by first using geonetnie drawing techniques to constract a tull-scale cross-sectional drawing of the
complete pot, based on the sherds present and comparable pots. The assistance of an archacologist or curator
should be soughe for this, if there are 1ot enough erinical preces, or if a nearly idenrical pot is not known, it may
be better to reintorce those mends which are possible, and feave it ar that. When the drawing is complere, it is
used to muake 2 template in masonite of the inner surface of the por.

C(lay is centred and roughly shaped to correspond to the side of the pot, upside down, on a turntable or
potter's wheel. The meuded fragments are tried in position, and clay is added or subtracted to conform te
irrcguladiuies of shape. The tragments are now placed 10 posivon (sutie previonsly unidentified sherds may now
find a home), dny balls of cluy are useu 10 vl or tevel

Plasteris then used as o gap-filling to complete the mussing areas.

If the vessel has no undercuts at the mowuth, and of it s felt thar dic clay form is so accurate that little interior
rc.hm\hmg will be requued, the i.ll) may-simply be allowed to diy sl freeatself from the pot as it shirinks. 1f the
vessel is narrow-mouthed, or if aterior re finishing will be necesiary, the clay should be scoaped out while damp.

Plasticine can also be used, but ttis more difficult to wark winh and to elean off.

Odd-shaped areas to be added can be modelied, moulded, cast and atzached, or can be built up around a core
(e.g. of ALK dough) wuh plaster or epoxy putty, thus avonding the need for wire armatures.

3 RECONSTRUCTTION USING FOLYSTYRENE INNFRFORM AND VOLYESTER PASTE
This method of restorauon, whnch wis devised by Mr [0 V0 Acdiar s nanmaliy andy enaployed when the pot is
cither massive insize weth fow fragmonts ranaining, o whon the por s smaller but has only one or (wo disjoinlud
feapments. 101y based on the use of tayers of polystyrene foam shesn to sake the inner form.

A {ullbsize archacolopieal drawing ot the pot is Gest peepared, ws i Secuon 4. On dhis, horteontal lines are
drawn acress the pot frem one mside contour to the other, 1t ane ar two inch intervals, according o the
thickness of foam sheet availsbie, From the Teagth of the bes tie duneter of cach adividual circalar layer of
polystyrenc 1s caleulated 16 one has a polvstyrene cutier with o Gloag head, e mey be possible 1o cut the circies
to the largest diameter of cach baver. These are then glucd une on top of the orher to resembite the ierior shape
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af the pat. I the cdges huve been cat verteadly Lo the Lirpeas diomcres ar wdl Be necessary ca tian down the
edges with g knife and heared spatubae [ they have been cat ta the mumuenuam damerer of cach layee, 10 wall be
necessary o (il in the angles between one layer and the next wih plaster or sinnlie matenal. This has, in facr,
same advantages, as one can gve the anner form a shightdy moee chingetensue irreguliar shape than would B
possible by cutting alonc.

When the plaster on the palystyrene has doed thoroughly, o seadant coat of brown shellae or other switable
varnish should Le applicd. The fragiments of the pot can thica he sorted and postioned on the contoured form. (t
may be possible, by examiming the contour of cach fragment, to (10t uvan approximate position. The inclividual
fragmencs are held i place by bent ping pushed into the fo:0 down the edge of cach sherd. It may be necessary
o il some of the small gaps benween naighliouning sherds wal plaster. This should certainly be considered wlien
the pottery s very frable, as the plaster is perhaps more cauly removed than polvester paste. (In the case of 3
much harder hody, it may be considered permissible to butt the polyesier paste night up against hie fraginent )

Rewnforcement should now be placed sround the snner toru Thas can bie plastuce mesh, gatvanized wire net, or
alemnium rod or tube, whose damerter s not more than half (he thicknesy of the sherds. This reinforcement
should be bent around the entire exposed sutface of the Torm, and between the mdividual fragments. It should
ocrupy no maore than halt the depth of the sherds.

At this stage the polvester paste may be applicd. (Most of the connnercial autamobile body [ller paslcgl?vc
proved sansfuctory for this use, and are more convenient than making one's ownJ The paste should be applied'all

“over the form, covening the ranforcing material {cshould sell be LefuTower than the outer surface of the original
sherds. 1o will help af che polyester paste 1s nat made oo smooth, ws 10 will be necessary 1o apply the finishing
plaster over this layer. Two or three days should now be altuwed for the pulyester paste to set. (s essential that it be
allowed to cure thoroughly before the fimshing plascer is apphed.

Immediately before the plaster as applicd to the polyeter revin, ding coat of PYA cmulsion should be
applied, as plaster will not adhere direetly o the polyester. The plaster fimishing layer 15 applied in the
conventional manner, covening atl of the pulyesier and Braying the restoration up to the level of the existng
fragmoenis.

It now anly remains to remove the core from the interior of the pot This may be achicved Ly cutung with 4
hot spatula, or, if all els - fails, acerone can be poured curelully into the pot ta ceducs the polystyrene to a ‘gooey’
mass

It s of caurse possible to debate these methods of restoraton on e grounds of fic ity to the aeginal, but
they may be the only means of showing the pablic, in a convention:! display, what the pot may have looked like
before 1t was broken, since it is possible by these methods 1o reconscouct an entire poet when very few individual
sherds are in actual contact with cach other

6. FINISHING

The ethics and acstheties of degrees of imitation of the original U pend largely on individual opinion and the use
for which the finished pot is intended. The author's personal oprvon i that the "six {ect —six inches’ rule 15 a good
one. e that cestoration should not be noucesble at a viewsng distance of six feet, but should be clearly
distunguishable at six inches. bt should be remembered that the idea of reconstruction is to present anidea of the
pot as it once was, and that restoration should not distract from the object by presenting a visual pattern of
contrastung geometric shapes which have nothing o do with the object

In many cases, pre-unted rantegrations (A shade figheer, not durker, than ihe base colour. so as not o create
an optieal "hole’y may be sufhcient, If painting 1s required, aciylic paines, or diy pigineats in Acryloid B72, are to
be preferred o casein, oil, or water-calour paints. Test coiours should be mutched afier drying. Glossy pants can
be adjusted with 2 macting agent such as acrogel siliva; variatians 11 colour tone can be stippled in over the Lase
colours texturs can be added with pigments and glue, Fonad adpesamont can be made by rubbing on pastei colours
oc dry prgments with a finger
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New Yarl, NUY . 1O 7, USA

UHU (yellow tube) adhesive

Mixcure of different grades of PVA, or may be cellulose nitrate, depending on country of manufacture; go
warking characteristics; stable.

Available from hobby shops.

MOWILITH 60 adhesive
Supplicer: Canadian Hocclhist Ltd
40 Lesmill Road
Don Mills, Ontario. Canada
or: Farbwerke Hoechst AG
45 Bruningstrasse
Frankfurt am Aain, West Germany

VINAVIL K60 adhesive
Make thick stock in industrial methylated $pirits (powder dissolves easily) and dilute with same as neede
Particularly uscful degree of plasticity.
Supplier: Montecatuni Edison SpA
Via F. Turan 18
Milan, fraly

PVA EMULSIONS (WHITE GLUES')
Often used for convenienee, especially an porous ceramics. Formulae subject to change without notice; tend
give way in damp climates or starage. Form better aptical bridge across cracks than solvent glues.

RESISTOL 850 adhesive
Starch included in formulation; almest impossible to reverse on fragile ceramices.

ELMER'S GLUE-ALL adhesive
bt appears that the formula has been changed; this may now become irreversible. Available in hobby shoy

LE PAGES BONDFAST adhesive
Not very strong: very flexible (sherds tend to sag); Jdurability unknown.

BULLDOG GRIP WHITE GLUE adhesive, consoltdant
Good waorking characteristics; dibuty!l phthalate plasticizer; information ou other additives not available, b
implication is that it should be fairly stable.
Supplier: Canadian Adhcsives
420 Maricn
Montreal East, P. Q., Canada

PROMATCO A1023 adhesive, consolidant
“inyl acetate homopolymer: plasticized with diburyl phthalate: 63% solids; 16,000-18,000 cps viscos
emulsion; pll 5.6 protective colloid, stabilizing agents, detoxicants added. Prcliminary ¢xpericnees wi
promising; high strength adhesive, excellent ageing charactenistics claimed. fvory colourcd paste: can be diluted
uscd full-strength {c.g. with Japanese tissuc fibres as reinforcement). Will redissolve in cold water.
Supplier: Proccess Matenals Corp.

Carlstadt, New Jersey 07072, USA

EASTMAN 910 adhesive

Cyanozcrylate; appears to break down faicly rapidly; useful, hike cpoxics, in dots to hold-hcavy ceramics tn pli
while other glues set.

Supplicr: Eastman Chemical Prod. lnc., Chemicals Division
Kingsport, Tenncssee 37662, USA

or: Armstrong Cork Co.
Kingshury

London NW9, England

GE SILICONE RUBBER ADHESIVLE
May remain (oo fiexible; difficult to remove {requives hot water and force), primanty uscful for modern wa
which find their way into the laboratory s will withstand dish-washers.
Supplier: Canadian General Elccrric Led
Chemical and Metallurgical Scction
1025 lansdaowne Avenue
FToronto, Ontario M6TY R2¢, Canada
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POLYFILLA filler

Calcivm sulphate plus cellulose powder. Usefut additive 1o plasier.

Available from hardware stores or: Niagara Chenuicals,
Burhingion, Ontacie, Canada

DENTAL PLASTER {(calcium sulphate)
Available from denrtal supplicrs.

MOULDING PLASTER (valvium sulphaie) -
Available at less cost from construction firms.

STAYBRITE COLOURS

Colours intended for tinting concrete; used with plaster

Supplier: W. R. Gruce and Co. of Canada Ltd
Construction Products Division
Toronto, Ontarto, Canada
(branches in Montreal and Ldmonton)

GRUMBACHER POWDERED EARTH PIGMENTS
For tinting fillers and for final retouching.

Available from art supply stores or: M. Grumbuacher Ine.
New York, N Y. 10001, USA
or: M. Grumbacher Inc.

723 King Strect
Toronto 213, Ontano, Canada

HYPLAR ACRYLIC COLOURS
For retouching.
Available from art supply stores ur from Grumbacher.




. EPOXY RESING
’ Usually reversible by swelling in methylene dichloride, il pot geonnctry allows this; can be used where high
strength is requiced (e handles) to avoid nced fur dowelling, or with filler as putty, ’

ARALDITE AY 103 with HARDENER AY 951 or AY 956

Supplicr: Ciba (A.R.L))
Duxford
Cambridge, Logland

EPO-TEK 30!
Supplicr: Eposy Technology tne.
65 Grove Street
Vatertown, Massachiusens 02072, USA

DEVCON 5-MINUTE LPOXY
LE PAGES 5-MINUTE EPOXY
Results not entirely predictable.

EPOXY PUTTY madelling material
Convenient two-part paste system; excellent we “king characieristicy,
Supplier: Ralph L. Bautz (Manurtactureer's Representative)

143 tilford Road
Somerdale, New Joosey UBUSE, USA

POLYESTER RESING
Cau be exeellent on heavy pots or where there are gaps between jorns, filled versions shrink less. May discolour

slighdly.
AKEMI TRANSPARENTY adhesive
AKEMI ORIGINAL (fillcd) filler
Supplicr: Jacger and Condino Inc.
P.O. Box 592, 35-44 61st Strecet
Woodside, New Yorl 11377, USA
SINTOLIT TRANSPARENT STRAW adhesive
SINTOQLIT FILLED filler
Supplice: 4114 Fifth Avenue
Brooklyn, New York 11232, UsA
or: A. Pisani and Co.
Carrara Wharf, Ranelagh Gardens
London SW6, England
CAR RODY VILLER filler

Distributed nationwide in Canada by Canadian Tire Corp.

BONDAFILLA filler
Supplicer: Bondaglas
55 South End
Croydon, Surrey, dngland

QTHER MATERIALS
DENTAL WAX (toughened)
Available ramy dental supplicrs o Amalgamatad Dental Co
132 St Panick Streer
Toronto 20, Ontanio, Canada

PLASTICINE modelling and sraubdimg:
Avaidable from arc supply or habby stores.

ACRYLIC MODELLING FASTE filter
Considerable shrinkage; may be useful for siuccoing cracks,
Availzble from art supply stores.
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APPENDIX: ADHESIVES AND OTHER SUPPLIES IFOR CERAMIC RESTORATION

A wide range of adhesives is used in conservation laboratories for different aspects of ceramic restoration. Ideally,
2 standard adhesive should satisfy scveral criteria: correct degrees of plasticity and viscosity for the work in hand,
physical and chemical stability, rapid drying, reversibility. This last will affect the case of remaval of any excess
adhesive, but reversibility iesclf will often depend on the type and condition of the individual pot.

NATURAL ADIIESIVES
SHELLAC
Steong; darkens and embrittles with age, becomes very difficult to remove; thick — often remains as a visible layer
berween joins; use of flame may singe pot or prejudice TL dating.

ANIMAL GLUES
Yellow: inconvenient to use; shrink; tend to embritde in time,

CELLULODSIC SOLUTIONS

HMG (cellulosce nitrate) adhesive
In general use: experience has shown it to be useful, durable, and Jastingly reversible.
Supplier: Marcel Guest
Collyhurst
Mancheoster 9, Engliand
AMBROID (cellulose nitrate) adhesive
Docs not stick very well; amber colour may remain visible.
Supplier: Ambroid Inc.

Boston, Massachusctis, USA

DUCO (ccllulose nitrate?) adhesive
Dries quickly, also breaks down quickly; may exert contractile forces, Deficient in plasticizer?

UHU HART (blue tube) cellulose adhesive

Model makers’ glue; very strang (bas been used to mend an iron cauldron); quick-drying; ageing characteristics
unknown.

Available from hobby shops.

HOME-MADE CELLULOSIC FORMULATIONS -
As with consolidants, solvent combinations can bhe varied according to resin solubility, working characteristics
desired, and ambient temperature and relarive humidity.

CELLULOLD (cellulose nitrate) adhesive
See Doviman [1] p. 71. Dissolve celluloid in acetone and amyl scetate (1:1), add dibutyl phehalate 0.5—1% v/v.

MOTORCYCLE WINDSHIELDS adhesive
Cut up and dissolve in acetone and alcohol. For emeigency ficld use when no other supplics are available.
Adhesion poor.

CELLULOSLE DI-ACETATE adhesive

Less adherent than eellulose nitrazes, but may be more stable; cthyl acetare is a good solvent. Sugpested by
Mr R. M. Organ® (with note that addiuve plasticizers tend to be lostin time). Use di-acetate, not mono-acetate;
tripheayl phosphate (%) or dimethy] phthalate (20%) are recommended in this case rather than diburyl
phehalate. Incorpuration of an acid acceptor (magnesium acetaic 0.5%) is suggested, as is addition of a U.V.
absorber (resorcinol benzoate or Tinuvin T). (4]

) PYA SOLUTIONS
BAKELITE AYAF (V1§) consolidant; adhesive
BAKELITE AYAT (v 1 5) adhesive (somewhad britde if used alone)
We have used the following with somie success: 25% wiv PVA resin (equal parts AYAF and AYAT); 63% viv
methanol; 8% v/v ethyl acetate; 4% v/v acetone. . vi5 v is
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