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CERTIFICATE OF ANALYSIS OF MORTAR SAMPLE S FOR
DETERMINATION OF MIX COMPOSITION & BINDER TYPE

Project Reference ; North Yorkshire Moor$ This Exploited Land of Iron
Sample Location : Rosedale Eaditon Kilns
SampleDescription : REIK171 Mortar from Fire Brick Lining
REIK21 Mortar from Pier 1 Stonework
DateReceived : 12" March2019
CMC Sample Ref ; SR Z07-S1 = REK11 Mortar from Fire Brick Lining
SR 270-S2=RHEK?21 Mortar from Pier 1 Stonework
Date Analysed : 10" April to 30" May 2019
Method of Test : Determination of binder type by-RayDiffraction analysis

Mix cormposition byacid digestiomwith gradinganalysis
of recovered aggregatend thin section examination.

Sample

Two mortarsamplesverereceivedrom the Rosedale EdsbnKilns, with the samples received
from Structural and Civil Consultants Ltd., Nortlealon, on behalf of the North York Moors
Nati onal Parks Authority as part of their AThi

The samples were receiveddMC's Stirling Laboratory on the #arch 2019as part of a batch of
samples from thiproject andvere tobe submittedo analysigo determinehecompositiorof the
mortarin each samplén additionthe gradingof the aggregatavas to be determined and comment
offeredon tre condition of the rartars ageceivedand, if possible, othetype of birder and the form
in which it was used

On receipt in the laboratory, the sample details eerteredhe sample register and the unique sample
identification number SR allocated.

Detailsof theindividual samples submitted for examination and anstysenbelow:

CMC Sample Ref.  Client Ref Location Sampled
SRZ/0771 S1 REK1 Mortar from Fire Brick Lining in telron Kiln
SR2701 S2 REIK2 Mortar fromPier Stonework, in the Iron Kiln
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North York Moors National Park Authority .

Rosedale East Iron Kilns
Examination and Analysis of Mortar samples.

Method of Test

On receipt in the laboraty the sample werelogged with their mass and size recorded prior to
beingphotographed, in the-@sceived conditionAll samplswerethensubmitted to an
examination with the aid of a sterbmocular microscope at a magnification up to k20
prepastion for analysisduring whichthe sanples wereexposed to a seriesad hocdroplet
tests employing a range of reagents and indicator solutions

Following the initialexaminationabinder rich sulsample vasobtained fronmeach sampléor X-
ray Diffradion (XRD) analysis. Thigvasto permit identification of the binder type used in the
production ofeachmortar. This analysis technique was used asuld alscclarify if there were
anycrystallinecontaminants or reaction produptesen

Onthebass d theresultsfrom the XRD analysisa representative stgample from SR270%1
(RSIK1) was prepareidr mix composition by acid digestiofollowing the methods of the Scottish
Lime Centre Trust (SLCTHample SR270%2 (REIK2) was too small to permionposition
analysis by acid digestiand this was achieved by modal analyBi& insolubleesidueremaining
after the acid digestiaof sampé REIK1 was recovered by vacuum filtratiomashedo remove
excess acidjried and sieved through a nest atigin Standard sieve$hispermitedthe particle
sizedistributionof the aggregate to be determined

In additionto the above a petrographic thin section was prepared from each séhipileoud
permit clarification of the form in which the bindeaswised along withproviding confirmation of

themix compgaition by modalanalysisin the event that there weaay acid solubleggregate
componentpresentn themortars

Observations from a Macro/Microscopic examination

On receipin the laboratoryhe sampleverelogged withthefollowing determined:

Sample Client Mass of Sample Dimensions of Colour by the Munsell
Ref. Ref. (gram) Largest piece (mm)  Soil Colour Charts

SR270-S1 REK1 245.7 114.8x60.2 x 1.2 2.5YR5 2Wedk Red

SRZ707-S2 RHEK?2 30.7 54.0 x25.3 x 10.5 10R 6/2 fiPale Red

Sample SRZ07-S1(REIK1): Mortar from Fire Brick Lining T Iron Kilns

This sampleconsisted oéightfragments olight red coloured mortar with all fragmentsi|

compacted and moderately hard. Ttact pieces could bedkenunderpersistentirm finger

pressure, witthep i eces br eaki ng,indicating adegree obritilahesdirmertar6 s na p 6
It was noted thahe freshly fractured surfaces weuto befriable, and aggregates well bonded

On examinationtte mortawasnoted to contain an abundardelark minerals in the aggregate,
with a few small lime inclusions also observed, these were typically <1.0mm in size and irregular in
shape.

The outer surfaces of the samples were heavily soiled with localised patches of fines from the
surface of théiln brickwork adhering to the mortar.

On testing a freshly fractured surface with phenolphthalein indicator the mortar was found to be fully
cartonated.
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North York Moors National Park Authority .

Rosedale East Iron Kilns
Examination and Analysis of Mortar samples.

From the vater droplet tests, weredropletswereapplied to both outer surfaces and freshly fractured
surfacesit wasindicatedthatthe mortar had a low connedtporosity, wittthe droplets supported with
only minorshallowabsorption notegiter two minutes exposure.

Spot tests with dilute Hydrochloric acid produced a strong effervescent reastisould be expected
on a caoonated lime mortar, bthis was accompaed bya strongodourof hydrogen sulphide (#$),
whichwas emitted, indeting that the sample perhaps contained pyrite or sulphur rich coal clinker.

Plates No. 1 & 2 Theleft plateshows the intact piesé themortarsample asreceiveal. With the
right plateshowing ecloseupimage of dreshlyfracturedsurface throgh the thickness of the sample
Notecompact nature of the mortar and Ithiek fragments adhering to the upper surface of the mortar,
to which it was very well bonded.

The aggregatesppear to bdominated f dark mineralsvith coal and brick fragmentssal
apparentWith the largest aggregate particle observed haitige region 06.5mm in size, however
mostof the aggregate particlage less than 1.0mm.

On testing the aggregates coarser h&Bmm, recovered from the sample prepared fdDXRwvas
noted that a high proportion of tfieeswere attracted to a magnet, indicating a high ironstone or slag
content

Sample SRZ07-S2 (REIK 2): Mortar from Pier Stonework

This samplecontainedseveral small fragments of mortdong with a small quantity dihes The
large fragmeng werewell compactedindmoderately hard to hanequiring firm finger pressure to
break but once broken the fractured surfaces were notedfitugeefriable and aggregates picked
from the surface with ease

The mortar in bfragmentswere notedd contairan abundance ¢ifne inclusions which were
distributed throughoufhe inclusionsremostlyangular to sutbound in shapandmeasue up to
6.1mm in sizeOn probing thénclusionsthe majority were found to be softdaeasilypicked out,
although there were a number that were hamttresisted disruption under ain pick, and this
may infer that there wemer or under burrimestone fragments present

On testing several freshly fractured surfaces with a phehalpint ndicator the mortar fragments
tested were all found to berbanated throughout thdill thicknessThe water dropletess showed
that the droplets werapidly absorbed and diffused throughout the fabric of the mortar, to depth,
indicating a wié-connectegbore structurandmoderatelyhigh porosity
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North York Moors National Park Authority .

Rosedale East Iron Kilns
Examination and Analysis of Mortar samples.

4,“‘;/4 ! 4 e i
Plates No.3 & 4: The left plate shows trsampleasreceived which was mostly of small mortar fragments
alongwith a quantity ofines. Theright plateshowsa freshly fractured surface thrduthe thicknesef the
largestfragmentin whichan abundance tifne inclusions andpossiblylimestone fragmentsere
apparentSmall darkcoaland brickfragmentsvereobservedandomlydistributed throughout

A fragmenbf saristone adhered tme ofthe outer surfasgon some fragments, indicatingatta good
bond had formebtetween the mortar atise masonrgf the Pieito whichin was applied.

The aggregates asalangulartto subround andrregular to elongati shape and are dominateddoal
andironstonewith clinker andashalongwith a proportion omall limestone fragmengdso noted

Results of XRD Analysis for Binder Type

To help clarify thecomposition of the binder in timortar arepresentativeubsample vasobtained
from eaclsampe. Thesewnerecruskedin an impact mortaaindlightly ground in an agate mortar and
pestlein preparation for analysiBuring grindingcarewastakento minimisethe crushing othe
aggregate particles, agifesentn abundancen the analysis samplineycould mask anfaydraulic
componentpresentwhich mayonly be preserin trace proportions.

The powderedubsamplesverebackpacked intgroprietary sample holdgfor presatation in the
diffractometey with this technique employed to ensuasclose as possibléhe true random
orientation of the components present.

All samples were analysed ibdfractometemwhich wasfitted with a single crystal monochromator,

set torun over the range 3060 2qin steps of 0.12q at a rate of 12g/minute using Culd

radiation. With the digital output analysed by a computer program, which matched the peak positions
againsthe JCPDS International Standard Min®atabase sub files using a search window of.0.1

Theresultsobtained from ta analysisire presented in thiellowing attached Figusein the form
of labelled Xray Diffractograns:

Figure No. 2: SRZ707-S1 REIK1) Mortar from Fire brick Lining Iron Kiln,
Figure No. 3: SRZ707-S2 (REIK2) Mortarfrom Pier Stonework Iron Kiln.

The abbreviatins used on the chgrto identify peak positions, are as follows:
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North York Moors National Park Authority .

Rosedale East Iron Kilns
Examination and Analysis of Mortar samples.

cc = Calcite (CaCg) CalciumCarbonate, carbonated nfrom limebinderandanylimestone
aggregate present in the mortar
ar = Aragonite (CaCg) another crystalline form of CaleciuCarbonate, from limestone,

commonly associated with shell @iedndin some forms of redeposited leached lime binder,

va = Vaterite(CaCQ) afurthercrystalline form of Calcium Carbonate, frdimestone and
commonly associated with carbonatedeposited, leachdithe.

gz = Quartz (SiQ Silicon Oxide acomponent of the aggregatesiome of thenortass,

he = Hematite (FeOs) Iron oxide, from the irostore andanyslag in the aggregate,

be = Belite (GSiOy) di-Calcium Silicate, clinker compentin binder andbccasionally found in slags,
z0 = Zoisite (CaAl3(SiOy)(SikO7)(0,0H)) Calcium Aluminium Silicate, hydulic component in

lime, and also a component of some coal cliakgliron slag material§possiblgpozzolan),

fr = F r Salg@AlbOeCH10H,0) Calcium AluminiumOxide ChlorideHydrate, hydration
product, fronthehydration of clinker anth some pozzolanic reactions,

ett = Ettringite (CaAl(SQy)3(OH)1226H0) Calcium Aluminium Sulphate Hydroxide Hydrate,
hydraton product in Portland Cements and some Hydraulic |iales sulphate reactigmoduct,

gy = Gypsum(CaSQy)2H,0) Calciun Sulphate Hydrat&ulphate reaction product from a reaction
between environmental sulphates, or fromdoal ash, acid raiatc., and lime from the binder

di = Dickite, clay minerabf the Kaolinite group of minerals, from the alteratdi\lkali Feldspar,
present aanaggregate component, owaatheringorodud.

Theresults fromthe XRD analysis vereprocessedsingRietveldRefinementin the MAUD computer
program whichpermitedquantification of théndividual crystallinecomponents

Theresults obtainedre shown below

Component Proportion (% by Mass)

Sample: SR2707-S1 SR2707-S2
REIK1 REIK?2

Calcite 47.1 14.1

Aragonite 3.4 7.8

Vaterite 214

Quartz 1.6 3.2

Hematite 158 12.6

Belite (GS) 35

Friedtel 6s Sa 2.3

Zoisite 7.3

Ettringite 4.2

Gypsum 55.0

Dickite 0.7 _

Total 100.0 100.0

From theXRD analysisit is indicated that thenortarin the twosamplegliffer with respect to their
aggreate composition, albeit both are indicated to be lime montade with an air lime. e strength
in sample SR270%1 (REIK1)is considered to bdue to he presence of an abundance of pozzolanic
componentin the aggrgate with their reaction indicatdaly theabundancef hydrationproduds

preseh
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North York Moors National Park Authority .

Rosedale East Iron Kilns
Examination and Analysis of Mortar samples.

Sample SR270%2 (REIK2)although again made withhégh Calciunime, the binder in this sample
appears to have undergone segeiphate attack, with most of the lime now converted to gypsuime
sampé analysedThe source of the sulphate reqgdifer this reaction may have been fraithin the
aggregate, buwlsoin percolating waters drom flue gassearisingfrom the burning process.

The presence of pozawlichydrationproductdn the form ofFrie d e | dirsbotissarhpte and clinker,
in the form ofBelite,in sample REIK lare considered foedue to the presence of the coal clinker,
ironstone and slag from Iron processing being used as the aggraihaietharsuggest a hydraulic lime
in the binder.

Thehigh Hematitecontent in both samplegndicating a highproportion of ironstone in the aggregate,
perhap$ieavy contamination with iron dust from the iron burning process, gnatith perhapsasmall
proportion of tle hematitdrom the brick fragmentis the aggregates.

Mix Composition

The result of the composition analysigasdetermined by acid digestiomn samplé&SR2708 S1
(REIK1) only, as there was insufficient material in sangR270-S2 (REIK2), to permit mix
composition by this method@he esults of the analysis carried ané presented below:

Sample Ref. No. SR270/-S1
(REIK1)
Mortar type (from XRD) Non-Hydraulic Lime
Binder/Aggregatdratio 1.0:1.6
Binder form: Quicklime Hydrate
Weight proportions @culated mix ratio by dry mass.
Lime 1.0 1.0
Aggregate 2.8 2.0
Approximate volume Proportions calculated on the basasNifrrHydrauliclime
Lime 1.0 1.0
Aggregate 0.8 0.8
Sample SR2707 S1 (REIK1)
Reference Masonry Mortar
British Standard | Percentagel Percentage
SieveSize Retained Passing
8.00mm 0 100
4.00mm 16.1 83.9
2.00mm 17.9 66.0
1.00mm 1.3 64.7
0.500mm 6.9 57.8
0.250mm 15.4 42.7
0.125mm 16.6 25.8
0.063mm 11.4 14.4
Passing 14.4

Table No.1: Results othe grading on recovered aggregate.
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North York Moors National Park Authority .

Rosedale East Iron Kilns
Examination and Analysis of Mortar samples.

Theresiduefrom the acid digestions were recoveitsgarticle size distribution determined
with theresultof the grading analysisresented in table No. 1 above. With the gradisg
presentedn the form ofanaggregateilied histogram in the appended Figure No. 1.

Theaggregatein the mortaare dominated bgpague minerals, limestofragmentswith trace
proportions of quartz anddeterminate lithic fragmentsithin thefines @ilt/clay) fraction

The opaque minerabgppear to be mostly wagteaterialsfrom thelron processingand are
dominated byronstonewith coal, coal clinker, astandbrick fragnentsalong withminor overburnt
limestone fragments.

Microscopic Examination

To permit furtherclarification ofthe form in whichthe binder was usedndpermitcomparisorof
thefabricin bothsamplesa petrographic thin sectiomaspreparedrom eachfor exaninationin
the polarised light microscop&o achieve this a slice was sawn from the largest intact piece
eachsampleof mortar, with these dried and impregnated with a blue dyed regingiparatiorfor
themanufactue ofthin sections

Observatios from the examinatioof thethin sectionsare presented below:

Sample SRZ07-S1(REIK1): Mortar from Fire Brick Lining i Iron Kiln

Plate No.5:

Thin section prepared from mortar sample
SR27@-S1 (RHK1).

Rer3& P L &l
PR Srome IKreA]

A)yﬁ.w}w

Aggregate

The aggregates in the mortar sample are dominatedddycoal clinkerash ironstonewith minor
limestone frgmentsandrarebrick fragmentalong with a trace proportion of very finguartz
grains The latter possiblgomponets in the ashand/orfrom soiling contamination.

Thecoal fragmentsire a mixture ofreshunburntparticles,andpartially burnt coahlong with coal
clinker. The coal fagments rangm sizefrom 3.2mmdown to 0.07mm Brick fragments are ray
these haveounded margins anevidence ofveatheringtypically <0.4mm in size Ironstone
fragments are again a mixture of fresh stonenfiexgts and partily burnt fragmentswith a
proportion showing the impact of weatheritigese range in size from 0.02mm to 6.4mm

The brick fragments are presentafiow proportion and it is not consideréuhtthe brick was
added as a pozzolan, but rather asraponentf thewaste material used as aggregate.

Ash is present as fine fragments diffused through the paste anthislustes of poorly bound
grains.
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North York Moors National Park Authority .

Rosedale East Iron Kilns
Examination and Analysis of Mortar samples.

A low proportion of limestone fragents were observed, witheseangular to gb-angular in shape
andall show no evidence of having belearnt theymeasure up to 2.0mm in size

The aggregates agenerallyangular tasub-angular locally rounded t@longatein shapewith a
high proportim displaying sharp margirasd thesehave theappearancef having been crushett
is, thereforeikely that they had beesourced from the waste matdifrom the Iron processing
kilns, that had beecrushedand possibly screened.

Binder

The bindethas theappearancef a nonhydrauliclime, with a proportion osubroundto
irregularlime inclusionsobservedThe lime inclusions are all well slaked, witiostof thesub
rounded inclusions being fullyydrated whereas proportion of thelenserfragmentswere only
partially slakedandsome of theseetained a granat texture This would suggesthat the mortar
had been mixedith a binder in the form of hydrate Locally the hydrated had formed
concentrations which haballedtypical of trose that fornwhenadry hydrae is mixed with
damp sand.

The paste is fully carbonatédroughout the sample, with evidence of localised redeposition of
calciteand sulphate minerals (ettringite) infilling voids, some of wiehe formed # the post
placementissolution of lime inclusionsThis wauld infer moisture percolation through the
sample over time.

The inclusions range in size fron®.02mm to0.9mm andit is inferredfrom the examination of
these and theencapsulatingaste which displayeda patchymicroporosity, indicatingthatthe
mortarwas placeda relatively workable mix.

Hydraulic components inclirg Belite particles were observed, randomly distributed tigbout
the paste, buheir occurrencavaspatchy, with most observed as psewdarph grainsHowever,
there was no clinker apparent within the lime inclusions, which thayeforejnfer that the
clinker had orignatedfrom another sourc@ther tian thdime. However, n the absence of other
commonhydraulic clinker components, and in the presence of pozzataatierials(coal cinker,
ash and slag fronnon processing)a highproportionof which displays reaction rims and
alteration it is consideredhatthe hydraulic/pozzoland propertyof themortaris a result of using
the waste material from the iron procegsiperationsisthe aggregate

Voids and microcracks

The widsobservedaremostlyirregularto subround locally elongated in shapand area mixtue
of placing artefactand aglissolutionvoids from the depletion dime inclusionsThe voids range
in size andshapewith rounded voids rangingom 001mm to1.1mm, wheres the irregular and
elongated voids exteng to 3.4mm in size. A retain athick fringe of coarsecalcite crystalswith
clusters of sulphate minerals.addition,verylocalised clustersf entrained air voidspherical
voids up to 0.3mmwere ato observedmost of which now contain secondary miners, both
indicating thatthe mortarwas initially mixedas awet mix andwaswell worked

Cracksarerareand are random in occurrence and distribution. These are mostigliyof
drying shrinkagdeatures The cracks areariablein lengthand typically0.01 to 0.0%5nmin
width. Cracks areommonly lined wittrsecondary mineral gesits dominated by ettringite.

The results of a point count (modal) analyssried out onthe thin sectiommre presented in the
following table:
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North York Moors National Park Authority .

Rosedale East Iron Kilns
Examination and Analysis of Mortar samples.

Sample Ref: SR2707-S1 (REIK1)
Constituents %
Aggreqate Inclusions as Inclusions as
99reg binder Aggregate
Quartz 0.7 0.7
Limestone 3.7 3.7
Ironstone 15.4 15.4
Siltstone/shale 0.3 0.3
Brick 0.7 0.7
Opaque, coal/clinker/ash 27.9 27.9
Lime inclusions - 12.6
Total Aggregate 48.7 61.3
Binder (Lime) 36.6 36.6
Clinker 2.1 -
Lime inclusions 10.5 -
Secondary products/Calcite and
sulphate minerals 2.1 2.1
Total Binder 51.3 38.7
Total Constituents 100.0 100.0
Cracks/Voids 8.2 8.2
Total Effective
Binder: Aggregate Ratio 1.0:0.95 1.0:1.6

Table No.2: Result of modal agsis (600-point count) on thirsectionfrom REIK1.

Photomicrographs:

Plate No.6:

4 A view in plane polarised light (pptf a

2 typical area of the mortawhich shows
the aggrgates bound in dense and fully
carbongedpaste. There are no lime
inclusionsobserved in this are@he
aggregates are dominated by opaque
particles (black in image), with fine ash
f} grains distributed throughout the paste.
i The coarser grains are dominated by c
fragmentscoal clinkerand irorstone

~ (the latterbrownish orange/lakk).
Localisedpatches of microporosity are
. apparentalong with very fine angular

# quartz grains (white in imagelPorosity
is highlighted by the blue dyed resin.
Field of view 2.4mm.
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Rosedale East Iron Kilns
Examination and Analysis of Mortar samples. C M C

Plate No.7:

A magnified view in ppl, of an area of
paste wher¢he maste is partially depletec
and boththe small voids and the affeed
paste contain an abundance of second:
sulphate mineralSome of the fine
opaguegrains show reaan rims anda
pseudemorph Belite grains apparent in
theuppercentre of the plate, bot
inferring that the mortar has hydraulic
andpozzolanic hydrates preserithe
right side of the plate islfed with a large
ironstone fragmemwith small particles
also seen in the left dPorosity and

& Vvoids are highlighted by the blue dyed

i resin. keld of view 1.2mm.

Plate No.8:

A view in cross polarised light (xpl), of
an area of dense fully carbonated pastt
in which a number of entrained air void
(spherical can be sae These are all
filled with sulphate mineralSmall
ironstone fragmentsan ke seen along
with fine Belitegrains, mostly upper
right andright of centreThealteration

of fine coal clinker fragmentsndslag
particles is highlighted by the loss of
detailin the alteedpartcles with
discolouation/alteration othe
surrounding pasté'he impregnating
resin, porosity and voids all showart in
xpl. Field of view 1.2mm.

Sample SRZ07-S2 (REIK 2): Mortar from Pier Stoneworki Iron Kiln

Plate No.9:

This section was prepared from an
intact piece of mortar from sample
SR270-S2 (REIK2).

The mortar inthis sample idifferentto thatin sampleS1A (RESK1A), in thatit is more binder
rich, andhas theappearancef anHMM, although it contains similar aggrega@mponents, but in
less quantity.
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