
-----------------~ 

Re/lrinttll Jour/w i of N. B.O.-Atll Ii. 1958. 

tiuilding Material. : 

Polarizing Microscope in the Study of 
Building materials 

P . KUMAII & N . K. PATWARLlI-lA N 

CeTitral Budding RO$larch Institute, Roark .. 

"To-day wiLb microscopic data reinforced and extended by other analytical tool8 such as 
X-my ditl'raction, differential thermal anrl-iysis and aLnorpLion spectroscopy, tho microscope sti ll 
retains (L unique position as the universa.l analytieu,1 instrument and a valuable tool of the 

modern lnboratory . On the one banJ, it is the most versalile of instruments, serving widely 
ditl"ereul ends as mineral ideutificatioll, particle size analysis, strain measurement, the study of 

porosily, texture and preferred grain orielltation, qualltitative analysis of material in terms of 

the phases or minerals present and the measurement of optical constn.nts. On th0 other hand, 

i~ btnmls guard over the more elaborate analytical methods to ensure that their result" are 

properly interpreted and that they nre being applied in their proper sphere". 

The Polarizing Microacope 

Although this instrument contains several 

nuuitiullnl fcn,tures, the basic difference 
between the standard compound microscope 
!lnd the pe,trological microscope is that the 
latter is equipped with a revolving stage 

nnd a pair of polars. A polar is a device 

which has the property of obstructing the 

passagc of all light except that vibrating in 

one plane. One such polar is mounted above 

the objective. They are oriented with their 

vibraUoll direction at right angles so that 

all light whieh is tmnsmitted by the lower 

polar is obst.ructed by the upper one. If an 

object plnced on the stage of the microscope 

is entirely glassy, the beam of light from the 

lower polar passing through this object will not 

be altered in nny way, and the whole of the 
light will be stopped by the upper polar. The 

(Insley & Frechette) 

field seen through thc eye piece will thus be 

entirely black. If, however, the object on 
stage is crystalline, the beam of Iil?ht from 
the lower polar will in most cnses be split into 
two beams as it passes into the object. One 

of these beams will meet with more resistance 
to its passage than the other. The beam 

emerging from the object will thus be out of 

phase. Some of the light from each beam 

will pass through the upper polar to form the 

final image. The interference between these ' 

two beams will result in the final image 

showing a characteristic "interference colour." 

The specific colour seen depe nds upon the 

relative retardation between the two emergent 

beams-that is, as the nature, optical orienta

tion and thickness of tho object on the 
stage. 
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Thus in a.ddition to its use U.S a magnifying 
and measuring instrument, a petrological micro

scope can be used to distinguish behH'l'n 

glass and crystalline material and in most ClUIeI 

to indentify the m::l.terial. 
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THL P[J[20LO~.L~AL MICQOS'COPL 
Fig. 2 

(!'lan\es applied to the various parts of '" 

pobrizing microscope of simple -type. AdvanCt> 

research models are more ebborate instruments 

,,·it.h v~rious accessories). 

j be Examinalioll 

Identification under polarizing microscope 

i8 an important part of ::l.ny petrographic 

examination. Although the microscope is 
u ~cd to identify many and varied features of 

.phyoical and chemical nature the primary use 

:remains the mineral phase identification . 

The success of identifying a particular 
object depends on proper illumination and no 
ins lrumcllt can be 3xpected to give proper 

results unll3Ss thi~ point has received careful 
consideration. Various methods of illumina
tion nrc used according to the nature of the 
object I'xnmined. 
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III a mtljority of cases tho object 

iN I r llll"I"II'(' lIL Itlld call be illulllilllLlod 

from beluw, the light mys passing 

through the object into the objeeti ve. This 

is known as trnnsmitted or direct illumination, 

Tho objett and its st.ructural doto.il will be 

on ly visible if t.llCY are natumlly coloured or 
they are art.ificio.lly staiued or their refractive ' 

indircs are different from those of the mounting 

medium. 

Fig 3 
Trlismitted ill umination 

ReJl eclcd Illumination 

When opaque objects o.re to be examined, 

tho substago mirror or transmitted illumination 

an no lunger be used. The ilIumino.tion must be 
derived from rayB of light thrown on to the 

eimen from above and thence reBected into 

·the instrument. 

.Reflected light technique give.~ mora 

hlfof'llIaLiulI rolld.lllf( Lu Lite dlHLrlbutlull uf 

pho.ses tho.n to the indentifieo.tion of minerals 

althollgh the reflecti ve powers of the various 
. llIillt1l'nlH IllLve j,ml'Ul'L.tllt djll.g/lu~tio properties, 

In order to identify a mineral phase it is 
necessary to ascertain certain properties, the 

most impurto.nt of whioh n.ro as follows ; 

Fig 4 


Reflected Illumination 


1. Refractive Indice.s; Values of the 
rcfrueti vo indices of a minoral can only be 
obtained in a qualitative manner by the exami

nation of the th in section in ordinary transmitted 

light. In a thin section the various minerals 

are usually embedded in canada balsam which 

has a refractive index of 1.54. The amount 

of relief shown by the mineral depend~ upon 
its refractive index value. 

2. 13ij·efringenc.e: Under cross~d nicoLs 
most section~ of uniaxial and biaxial crystals 
exhibit colour except when turned to their 
extinction positions. Since properly ground 
thin sections are a.bout 0.03 to 0.035 m.m. 
thickness, the double refraction may be 
estimated from the interference colours. The 
exact position of the polarization colour can 

be determined by means of quartz wedge. 

3, Interference Figure: Whether the 

mineml is isotrop ic, uniaxial positive, unin.xial 

negati ve, bi axial posi ti ve, biaxin.l negativeia 

seen under oon vergent light and in crossed 
nicols. 

Preparation of Material 

This consists of the preparation of material 
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fur t Ite examination under microscolJe. 

Depending "POll the nature of substances and 
the mode of exami nation materials are 

prcpaed ill m~ny ways, but the most common 
anel important one is mentioned below. 

I Thin S ections 

For the examination of materials 

under the micros00pe t hin ,gections are 

required. A chip of the rock is rubbed 

perfectly flat on one side, with emery e1" carbo

rundum powder on a glass or metal plate. At 

first coarse grinding powder may be used. 
After [1 surface is obtained it must be polished 

by using finer, and then very fine powder. 

The flattened and smoothed surface of the 

fragment is then cemented firmly to a glnss 

plate by men·ns of properly cooked canado. 

habam. 

Tho next opera.tion consist,s in grinding 

down the thick chip as in the first po cess. 
Great care is necessary during the final stageR 
or the rock will be completely rubbed I1.WI1}'. 
The thickness of the slice can be judged by 
the polarization colours of somt> rccognig
able minerals. The slice is then covered with 

fresh canadl1 bal sam which is again cooked 

but slightly to a less extent than before and 

0. cover slip is cemented. 

The preparation of thin sections of cements 

and the building materials offers problems not 

encountered in the preparation of standard 

thin sections of most rocks. Building materials 

in general have various ranges of porosity 

and hardness, I1nd cements frequently hydrate 
and disintegrate in the presence of aqueous 
abrassive carriers. Portland cement clinker 
must be ground to half or less of the standard 
30 thin section thickness in order to distin
Ijuish individual particles without confusing 

overlap. In case of porous, pliable material 
it is sometimes necessary to impregnate the 

specimen, with resins before sawing to prevent 

dust from remaining in the pores of 
section after so.wing. 

The use of polarizing microscope in bu' 
materials covers a very wide range of npp 

tion. Starting from the correct assess 
of natural materials to the quality and qu 
tative check of manufact.ured products Rnti 
products microscope is of exceptionaJ vlll 
and it shall be beyond the scope of t 

pages to enumerate all these 

However, few important 

stones, raw materials, cement clinker, cemenl 

hydrat.ion, alkali aggregate reaction, etc., ha 

been briefly Lreated. 

Natural Materials 

Natural rocl{s whether used &.9 primary 

constructional ma.terial or I1S raw material for 
industry Rhould never be selected haphl1zardly, 

The factor of durability which should be regan\. 
cd as of primary importance in the selection o( 

a building stone is strangely enough given the 
bst considemtion by the purchaser. r.bllya 
costly structurc stands as a witness to this 
neglec ted aspect. The durability of a building 
stone depends on its ability to resis t success

fully the attacks of weathering agents, n,nd the 

natural factors affecting this property are 

structure, texture and mineral composition. 

A stone may be either coarse or fine a.nd 

even grained or it may be porphyritic (lncqui

granular i.e. large crystals are envelop~d in a. 

groundma.s8 which may be microgranular or 

glassy) . It mn.y also be dense or p~rouB. 

Considering the texture, we find that stones 
tend to disintegrate somewhat under changes 
of temperature, and that coarse grained rocks 
are affected more than fine grained ones 
depending further on the interlocking arrange
ment of all mineral constituents. A dE.'use 

rock, other things being equal, will break down 

less rapidly than. a pervious one. Porosity is 
the r€>Sultor ' the, space left betwoon varioUi 
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Fig [) 
l'ho!." micrograph: Con.rse grn.ined sandstone 
..howing quartz grains (seen white) cemented 

in It ferrugcllons mass 

mineral l'UIl8titll~lltll of rock Rnd can best be 
,h'lr rruillcci microscopica.lly. Several vnriet.ios 

"f 811l11lijl()Ill's oceur, BOHle with a porouH 

text III''' alit! nl.hers with an iuLerstitio.! matrix 
IIf m lerilll Hurl! us ca,rbonate of lime, ferric 
fiX ide, Hilii'll, d,e. 

TIll' de '('cc of eOlllpaction, and the Htrongth 

IIf thl' '·!'IIl('nl.ing modium determille the 
IIlf1!n;!th IIf the stOIlC. The Rpecific grQ.vity 

\"Sri,·!! fl III 2.135 in highly siliceous stones to 

2.95 in tho~c containing felTuginous mutter. 

The coluur of Bumlstone ucpcnds on the cemen

ting ruat.!rial: ferruginous sandstones are red 

to() brO\\ll; argillaceous earthy to buff ; 
lilict'fllIl' , gcnemlly whit.e; cn,rbonaceous 

mostly blul,k. Ferruginous sandstones of 

yelluw or greenish tint ml~y change colour on 

exposure, because of fhe oxidation of the iron. 
us .cement generally :makes tho stone 

.trung hut difficult to -work whereas argllla.
cement tends ttl :make the .stone weak, 

while cal('.aroous cement is Iiable:to .ohemical 

.ttack. 

Fig G, 
Photo microgmph: COQ.rse gmined sandstone3 
showing angular quartz pieces (seen white) 
cemented in grounu mass of silica mainly 

chalcedony with limolli to staining 

Since different minemls show different 
degrees of resistance to the attacks of weathcr

ing agellts, it is ob\' ious that the rocks 

because of their varying miner;:d composition 

will also "My in their weather resisting 
qualities. Further, certain minerals arc to 

be rE'gardcu [)}l inj ur ious under all circliinst
ancea, while others like mica can be considerell 

80 only whcn occurring in abundance in some 

rocks sueh as s,mdstones and marblcs. Flint 

and chert interfercs with eutting and dressing 

and being more resistant to weathering stands 
out on the wcatbered surface. Pyrite which 

cnn be readily recognised by its ' brass yellow 

oolour in reflectcu light, nnd other iron mineral 
on oxidation and further lea.ching lea.ve 

unsightly and unwo.nted stains. Again in tbe 

decomposition some sulphuric ncid is formed 

and if the rock contains carbornates these are 

attacked by the aeids set free. l'remolite

pale green variety of amphibole found in some 

mo.gIlesian, orystalline limestone decompose 
·to a greenish-yellow ela.y. This washes out, 

leav..ing .pi.ts ·.on tha surface of stone.. The 
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ll1ineml C!)'Jl be re~\dily r"cognised by its high 

rcfr:l.cti vo imlc x: ' (0{ = 1.()OO. ~ =- 1.0 16, Y= 

l.G27 ), otrong birefringe.nce (y-o{ = .027) n.nd 
itR opticfl.lly biaxial negative chn.rn.cter with 

2V=80~. " 

Raw .Ma(eriaI3:~ : :" One ;:.6£ the' most impor

t.ant npplication ~f. the poiarizirlg microscope 

is in the exa.mina.tlo.n of 1'0."(; matcria.ls used in 
building industry. .• · For ideritifica'tiori, annlysis, 

control of gra,in i:l~~ a nd uniformity microscope 

can be applied. convenicntly .· in resea.rch and 

ucvelopmcnts' of . m;terlrd. Requirement.~ 
for OIlC npplication muy be quite different 

froIU thosc that will a.pply whcn the mntcrials 

are to be used for anoLher purpose. 

Texture, porosity, grainshape, and grain size 
are important factors in t.heir bciIa ViOUl' during 
grinding, mixing and litter proceSSing. The 
therm i1l ucltr.viour of raw ma.terials a.lld their 
mi croscopie charactcr res ulting from hcat 

trcatment is closely connccted with the sui t
a bility of the lTIn.t criuls for specific application. 

l\lanufaclured I)roducts 

l'olarizillg microSCo1Je Lcclmique has brought 

many fruitful results both ill knowledgc of the 

constitution of clinker and ill technologicu.l 

improvement in the cement industry, La 
Cha tclicr \\,o,s the first to use the polarizing 

microscope extensively on cement clinker. 
Wit-h its help he disco vered tricalciumsilicu.te 
as the principal constituent of cement clinker. 
Later on Tornobohm used 'tho microscope und 
~bscrved Lhat the cement clinker was composed 
uf five principal constituents which he named 
o,lite, belite, celite, felite and isotropic residue. 
Since the time of this ba.sic work, the micro

scope has been an importa.nt tooi in resertrch 

on ccment clinker and its hydration. 

The basic problem of portln.nd cement 

research is concerned with the chemica,1 nature 

of the substance. The success of the problem 

depends upon the accurate identifico,tion' of 

compounds or other phases after they aro. 
produced. Chemicn.1 an ::dysis ,is irmdequate 
to d elcrmine the manner of.· combination 6f 
the constituent elemcnts. MicJ:9scopic methods 
nre best suited in this type of "'ork. 

Thc phases normally ,found ,it: nPortland 

cement clinkf)~. of ' !,ve(!~w~ 'COmpo~ition are 
tricnlcium 'Silic&~ ," (3 ' Oti.O.SiOz), :' dir.alcium 

silicate'· ct. a.p.SiO z), ' , .triealciumulumillate 

(3 CaO.AI2(j9 :(bi~wn milledt (approx., 4CaO" 

A130 2• F c,Os), free , C(I,O, free MgO, ailci glM.~ . 
Tl'i l'alcium silica.to : in 'clinker occurs a~ l.' well 

dcvcloped :ilix Aided,. c~ystals; T'he refractive 

in(ii ('1'8 of puro 3 CaO.Si01 0,1'0 NE ,; 1.718 and 

No. -=-1.723 o,nd the indiccs in Portl~hd cement 

(dinkcl' do not devio.te mu ch from the values, 

Til", more Ul'lUtd form of tricalcium alumi
nate, u. materia'! relatively common consti
tllC·nt of Portlan(l cemcnt elinker is onc 'which 
occnrs in normally cooled ' o,lkali contn.ining 

comollt clinker. This may bc n polymorphic 
form of tricalcium I1lumina.te, It occurs as 
long pri ~ miltic crystals in til ') ' interstitit\[ 

material. Its double refraotion is low and its 
menn refractive index a.bollt ' 1.72. ' Extinction 

iR I'amllcl. ' Its etching reaction with ' wn.ter, 
pri ~ mrLtie form and occurrence 1\9 ",n 'intiir

flt.itin.l IImterinl serve to distinguish other 

clinkcr constituents. 

Port·lu.nd ccment , clinker frequentl.v 

contn.ins frcc C",O. Crystallinc Cn.O is cubic, 

but it is I1l\\'ays found as spheroidal particle 
in cemell t clinker and never with crystal faces. 
It is difficult to S<,(l it in thin sect'i~I';S under 

cross-nicols , of clink~r becll.u~e of its i8~tropic 
chafll.cter. In ordinary t~/l.nsmitted " light it 
mo.y be missed. in thin Rections cven with its 
high refractive index (1.836 for . sodium light) . 
It may be identitied by staining techniquo. 

. MgO (periclase) is 'isotropio and its refractiYe 

index (1.736) is very· close to ·. the indices. of the 

principal silicl1tes and o.luminatcs ill ' clinker. 

Therefore, it is very likely ·to lie confused . wibh 

tricalcium.. silirote or trica.lcium n.luminal.e 

http:Port�lu.nd
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hen l·xnmined under tmrurmitte.e:J light either 

in powder preparation or ill thin sections. It 
it bt'ftt recognized in polished specimens by 
raficctt'u light whero itH relatively great ho.rd
lIeM mo.li.c.a It stl\lld Qui ill relief. 

The only important iron bearing consti

tuellt of Portlullll cement clinker is "4 

CaO.AI,O •.Fe.Os". This compound can be 
readily identified by microscopio examination 
ill either transmitted or reflected light because 
of ita tlistinctive properties; It has much 
higher refractive inclex: about 2,03 than any 
other cliukor cOllstituent. 

C reful microscopic search of Portland 

cement clinker containing fairly large amount 

of K,U has revealcd the presence of crystals of 
Ka~O•. This Illaterial occurs in equidimonsiono.l 
grains. It has a. very low birefringence ' of 
about U.004 with N x = 1.49:3, N z = 1.497 bio.xi/:il 

ith 'c, :lV=approximately 67°. 

Alt uoughpulo.rizing microscope has added 

mUl·h to the information still our know

leugo cVllcernulgother possi ble compounds in 

clinker is very fnigmcntnry. Much work has 

een dono and' is beulg done on the very 

completed phase ' relationships of the alkalies 

\fitil Lllo essential oxides of tho Portland 

cement. The existence and the identification 

of pOSilible compounds in clinker have not 
b~n completely established, 

Microscopic studies of aluminous cements 

have been reported by P .R. Bates and B. 
'l'avaaci. Compourids practica lly identical with 

the "unstable 5 CaO.3Al20 s, CaO Al~Os and 

Co.O.2AI10. have bcen identified petrographi

cally in aluminous cements. Microscopic 

uamiuation of Some cements subjected to 

8C\'ere reducing action bas revealed globules of 

metallic iron. 

Thore havo uecn lIlU,llY lllforoBcol>io studios. 
oCPorlnnd.c'cmcnt8in the process of hydmtioD. 

and of set· and hnrdened Portland cement 

pastes, mortars and concretes, During the 
11IHdening the triefdcium silicate present 
hydrolyses to form crYlltallillo eu,lcium hydro-
x.ide Malo. microscopicnlly amorphous cnlcium 
silicate hydrate. Under normal conditiom of 

hardening, the calcium hydroxide generally 

occurs as minute hcxagonal plo.tes which me 

only visible microscopically. These have the 
normal optico.l properties: Uniaxial negative 

with No=1.574, NE-=1.545. 

'If pure substance tricalcium alumino.te is 
observed microscopicn.lly in the presence of 
wo.ter it is seen to hydrate immediately to 

form a crystalline, platy, hexagonal mo.terio.l 

with indices about 1.53 and 1.52. When ths 

tricalcium aluminate as it occurs in Portland 
cement is hydrated, however, the formation of 
the crystalline calcium aluminate hydrate is 
only temporary and it reacts with the 

satllmted solution of calcium sulphate, formed 

by solution of the gypsum in the cemelit, to 
crystalize n,s calcium sulfo aluminate 3 CaO 

AI.Os.3CaSO •. 31 H 20. This occurs as long 

hexagon[l,l neodles which are uniaxialnogative 

with refrntive indices No=1.464, NE=1.458 

(in sodium light), 

Alkali Aggregate Reaction in Concrete 

The harmful effects of certain substances in 

concrete aggregate have been recognized since 
early times , but the application of petro· 
graphic methods has thrown great light on 
these substances. Identifico.tion of the nature 

of the coated material which in most cases is 

harmful aggregate materals requires petro

graphic examination. The surfaces of aggre

gate particlos may become altered or de com

posed due to weathering processes. In 

addition to their poor bonding properties such 

materials may be chemically reactive with 

cem'ent alkali. Petrographic examination is 
necoHsMY to a~soss the dolotorious natur~ of 

altered matorial. 

http:alumino.te
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ConcretR. th~ artificial rock, CAn deteriorate 
as 0. result of freczing and thawing a nd 
attacks of sulphate solut ions as well as by 
cement-aggregate reaction. Several forces 
contributing to the deterioration may operate 
concurrently in 0. concrete structure. Decline 

in strength. expansion, development of surface 

cracks and similar manife.statiolls of deterio

ration may aocompany any of these processes. 

Petrographic exltmination of deteriorated 

concrete reveltls characteristics which 

distinguish break down resulting from cement 

aggregate reo.ction from that due to other 

Co.uscs. The microscope is particularly useful 

for tltis interpretatioll of tcxtuml relatiollships 

and for the identification of the varioull 

disintegration productR. 

Thc l.IlOBt 1'elio.ble criterion for rccognizillg 

the ccment o.ggregate reaction in concrete
both in thin section and hand specimen-is 
the presence of alkali-silica gcls. These gels 
result from inter-action between cement alkali 

and susceptible rocks and minemls of the 

aggrcgate. They occur within poroul! 

particles of aggregate, in voids in the cement 

paste, in fractures, otc. 

The gels observcd in deteriorated concreto 

vary considembly in physical properties. 

These products of cement aggregate reaction 

may be watery, viscous or even hard and 

brittle, all in c1oso association . Petrographic 

study indicates that prior to fmcturing of the 

concrete the gels are highly viscous. 

The index of refraction of siliceous gels in 

concrete is low, but varies with the water 

content. Desiccated gels have indices which 

range from about 1.46 to about 1.49. They 

show a varying degree of transparency a·nd 

commonly contain cracks resulting from drying 

shrinkago. ·Microseopically the gels are often 
cloudy and brown in transmitted .light due to 

the presence of fine inclusions. ·Sometimes 

very small particles with high 'birefringence 

Il.re suggestive of calcium carbonate. 

Microscopic study of thin sections or 
deteriorated concrete often rcveals the presence 
of siliceous gels which a.re not reo.dily obeelT
able in the ha.nd specimcn. Because random 
thin scctions may not intersect gels, it i~ n~~ 

'Safe to conclude that gel is absent xeept after 
deta,iled study of many sections. Occasionally 

no definite deposits of gel are found by any of 
these methods although other evidence may 
st.rongly suggest cement-aggregate reaction. 

Under these circum8tances, the cemcnt past. 
has 0. peculiar mottled aepect in thin sections. 

The occurrence of alteration rims on 

aggregate g"ains of certain rock types, '!I'hen 
properly interpreted may be diagnostic or 
cemcnt aggrcgatere.action. TheBe alteration 
rims appear distinctly dilTerent depending on 
the manner in which they (HO examined. If I 

fractured surface of an affected a.ggregate 
grain is observed with reRected light, the rim 

appears dark ill contmst t·o tho -interior ofthe 

grain. 'Vhen examined in thin section~ "ilb 

petrographic microscope using tr/\,nsmitt.ed 

light, the rims llsually ha.vc a higher transpar

ency than the interior portion of the rook 
particles. For t.his reaRon these peripheral 

zones hA.ve been ca.lled "clarified rims". Th, 
cla.rificntion probably results from a con'.bio

a.tion of two proce~ses , viz ., the removal of some 

of tho rock constituents by dissolution, and an 

increase in optica.l homogen~'ty by virtue of tbe 
penetration of the alka.lisilica gels into the 
interstioc.,! of the rock. This ty,pe of rim hiU 
been observed in glas~ !l.ndefl.its3 and rhyolib~s, 

~lImmary 

The paper aims at pointing out the p~ten I· 
ali ties of the pola.rizing microscopo in the study 

of building materials. Intention is to help the 

engineers and other techniciahS! who directly 

or ~ndil'ectly arc concerned with the nature of 
buildin,.g nmtNialSl. Gene~.1 ~ptiOil of ... 
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instrument, method of operation and pre
pn alion of their sections have been briefly 

atated. 

Natuml materials comprising mainly of 
lJuiltlwg stones and raw ma.terials for cement 
rtc. cl1.n be assessed successfully for their 
qualitativo nnd quantitati ve properties. 
Mineral phase identification of cement clinker 
hlUl contributed greatly to the advance of 
cement technology. Polarizing microscope has 
1I0\\' vcry recent.ly played a great role in the 
stully of Alkali ggregate reaction and the 
study of cement hydration. 
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