
Publisher’s version  /   Version de l'éditeur: 

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information. 

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Cement and Concrete Research, 8, May 3, pp. 333-342, 1978-05-01

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=511fd6c3-514f-400f-bdc4-9655ad497aff

https://publications-cnrc.canada.ca/fra/voir/objet/?id=511fd6c3-514f-400f-bdc4-9655ad497aff

NRC Publications Archive
Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 
La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 
acceptée du manuscrit ou la version de l’éditeur.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien 
DOI ci-dessous.

https://doi.org/10.1016/0008-8846(78)90103-5

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

Reliability of scanning electron microscopy information
Grattan-Bellew, P. E.; Quinn, E. G.; Sereda, P. J.



- 

Ser 

TH1 
5- LSd 

N21d 

no. 768 Apt] , ~ . a y z ~ o  
c. 2 

BLDG 

-- -- 
NA- RESEARCH COUNCIL OF CANADA 

OONSElL NATIONAL DE RECHERCHES DU CANADA 

RELIABILITY OF 
SCANNING ELECTRON MICROSCOPY 

INFORMATION 

by 
P. E. Grattan-Bellew, E. G. Quinn and P. J. Sereda 

4 

Repr~nted from 

CEMENT AND CONCRETE RESEARCH 

Vol. 8, No. 3, May 1978 
pp. 333-342 

'7 '3 O ; . L $  

DBR Paper No. 768 
Division of Building Research 

Price 25 cents OTTAWA NRCC 16603 



Pr in ted  i n  t he  Uni ted States. 

ANALYZED 

RELIABILITY OF SCANNING ELECTRON MICROSCOPY INFORMATION 

P.E. Grattan-Bellew, E.G. Quinn and P.J. Sereda 
Materials Section, Division of Building Research 

National Research Council of Canada, Ottawa, Canada 

(Communicated by S. Diamond) 
(Received Feb. 10; i n  f i n a l  form, March 14, 1978) 

ABSTRACT 

The reliability of information obtained with the scanning electron 

microscope is influenced by human and instrumental factors. The 

human factor enters, for example, when a microstructure is described 

as being typical of the material when in fact it is only a minor 

component. Some instrumental factors include charging of the 

specimen, problems differentiating between positive and negative 

relief and distortion of the shape of the sample in micrographs. 

The determination of the amount of a phase present in a composite is 

a complex problem involving both preparation of representative 

surfaces and appropriate methods of evaluation. A number of 

experimental results are provided. Where smearing of surfaces is not 

a problem, point counting evaluation on sawn surfaces is shown to 

provide reliable results. 

La v6racitS des renseignements obtenus 2 l'aide du microscope 

glectronique 2 balayage est influencge par les facteurs humains et 

instrumentaux. Le facteur humain entre en jeu, par exemple, 

lorsqu'une microstructure est dgcrite come Stant typique du mat6riau 

lorsqu'elle n'est en rSalit6 qu'une composante secondaire. Certains 

facteurs instrumentaux comprennent le chargement du spgcimen, les 

problSmes de diffgrenciation entre le relief nggatif et le positif et 

la distorsion de la forme de l'gchantillon dans les microphotographies. 

La dgtermination de la quantitg d'une phase prssente dans un composg, 

occasionne un problSme complexe de prsparation des surfaces reprgsen- 

tatives et de mise au point de mGthodes dlSvaluation appropri6es. Un 

nombre de rSsultats expgrimentaux est fourni. Lorsque les taches en 

surfaces ne constituent pas un problsme, 116valuation en comptant les 

points aux surfaces sciSes fournit des rSsultats fiables. 



334 
P. E. Grattan-Be1 1 ew, E .  G .  Qui  n n  , P .  J . Sereda 

Vol. 8, No. 3 

In t roduc t ion  

Understanding of t he  mechanism of hydrat ion of cement has been g r e a t l y  ad- 
vanced by t he  use of t he  scanning e l e c t r o n  microscope (SEM) during t he  pas t  
decade. However, a  c e r t a i n  amount of confusion may have a l s o  been generated by 
t he  publ ica t ion  of non-representat ive micrographs o r  t h e  mi s in t e rp re t a t i on  of 
them. I n  t h i s  paper some problems t h a t  may lead t o  t he  mi s in t e rp re t a t i on  of 

r e s u l t s  obtained with t he  SEM a r e  discussed.  The major problems a f f ec t i ng  t he  
r e l i a b i l i t y  of t he  d a t a  can be divided i n t o  human and instrumental  f a c t o r s .  

Human Factors  

A problem commonly a f f e c t i n g  t he  v i s u a l  i n t e r p r e t a t i o n  of SEM d a t a  i s  the  
s e l e c t i o n  of non-representative micrographs t h a t  a r e  subsequently descr ibed a s  

showing t he  t y p i c a l  morphology of t h e  sample. Sometimes micrographs a r e  s e l e c t -  
ed f o r  i nc lu s ion  i n  a  paper pr imar i ly  because they show a well-defined morphol- 
ogy, but  t he  author  has f a i l e d  t o  no te  t h a t  t he  observed f e a t u r e  may have com- 
pr i sed  only a  very small  percentage of t he  sample. The incidence of t h i s  s o r t  
of problem is perhaps on t he  wane, a s  researchers  ga in  more experience i n  scan- 
ning e l ec t ron  microscopy. 

Another problem t h a t  sometimes a r i s e s  i s  t he  mi s in t e rp re t a t i on  of t he  observed 
morphology. This problem is espec i a l l y  s e r i ous  when, i n  t he  absence of energy- 
d i spe r s ive  x-ray f a c i l i t i e s ,  morphology i s  used exc lus ive ly  t o  i d e n t i f y  t he  

phases observed. There a r e  cases  on record where a  cubic phase was descr ibed 
but  examination of the  micrographs showed no c l e a r l y  defined cubic ma te r i a l  t o  
be presen t .  

Instrumental  Factors  

I n  t h i s  s e c t i o n ,  some examples of r e s u l t s  t h a t  a r e  misleading due t o  i n s tu -  
mental f a c t o r s  assoc ia ted  with t he  coat ing apparatus o r  t he  SEM a r e  discussed.  

The thickness  of t he  coat ing f requent ly  v a r i e s  considerably and 
small  a r ea s  where i t  i s  v i r t u a l l y  absent  may occur. A t  higher  magnif icat ions 

regions t h a t  a r e  poorly coated g ive  r i s e  t o  charging a r t i f a c t s  t h a t  may be m i s -  
taken f o r  f ea tu r e s  of t he  sample. However, with the  coa t ing  techniques cu r r en t l y  

being employed and i n  t he  magnif icat ion range commonly used i n  cement research 
t h i s  i s  not  usua l ly  a  s e r i ous  problem. 

Holland (1) has reported t he  occurrence of a r t i f a c t s  when a s p u t t e r  coat ing 
u n i t  was used wi th  gold and palladium. Incor rec t  opera t ion  of the  u n i t  may 

cause .depos i t ion  of f i n e  globules  of gold which a t  high magnif icat ion impart an 
a r t i f i c i a l  su r f ace  t ex tu re .  

One of t he  SEM-related f a c t o r s  t h a t  sometimes causes d i f f i c u l t y  is t he  possi-  

b i l i t y  of i nco r r ec t l y  d i f f e r e n t i a t i n g  between p o s i t i v e  and negat ive r e l i e f ,  es- 
pec i a l l y  when examining micrographs. I f  t he  micrographs a r e  inver ted  by mistake, 
cracks appear a s  r i dges ,  a s  can be seen i n  Fig. 1. This i s  l e s s  of a  problem 

i n  t he  microscope i t s e l f ,  e spec i a l l y  i f  a  y-modulation u n i t  is  ava i l ab l e  t o  d i f -  
f e r e n t i a t e  between t he  two. 

* 
Purchase of a  3-D viewing system such a s  t h a t  of Chat f ie ld  ( 2 ) ,  may be war- 

ranted when co r r ec t  i d e n t i f i c a t i o n  of p o s i t i v e  and nega t ive  r e l i e f  of three-  
deminsional e f f e c t s  a r e  important.  The system produces two images, one red and 

one green, superimposed on a  co lor  t e l e v i s i o n  screen.  The combined image is 

viewed with a  p a i r  of red and green f i l t e r  s t e r o  g l a s se s .  A l t e rna t i ve ly ,  s te reo-  

scopic  p a i r s  of micrographs can be made with t he  conventional SEM by t i l t i n g  the  

sample between exposures, but  t h i s  method i s  somewhat ted ious  and i s  not  regu- 
l a r l y  used. 

* Manufactured by t h e  Ontar io Research Foundation 
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(a)  
FIG. 1 

Effec t  of invers ion  of a micrograph on topographic f ea tu r e s :  
(a)  micrograph i n  co r r ec t  o r i e n t a t i o n  showing cracks i n  the  su r f ace  

of a f i b e r  reinforced p l a s t i c ;  
(b) same micrograph inver ted ,  cracks appearing a s  r idges .  

(a)  
FIG. 2 

Micrographs of r e p l i c a s  of e t ch  p i t s  i n  i c e  viewed from d i f f e r e n t  
d i r ec t i ons :  (a) apparent cubic morphology; (b) t r u e  hexagonal morphology. 

A r t i f a c t s  a f f e c t i n g  t he  apparent shape of f ea tu r e s  observed i n  the  SEM may 
be generated by t he  geometry of the  inc ident  e l ec t ron  beam and t h e  takeoff angle  
of t he  secondary e l ec t ron  de t ec to r  r e l a t i v e  t o  t he  sample. This i s  i l l u s t r a t e d  
i n  Fig.  2 ,  which i s  a micrograph of a r e p l i c a  of e t ch  p i t s  i n  a su r f ace  of i c e .  
I n  Fig.  2 ( a ) ,  t h e  e t ch  p i t s  appear cubic i n  shape but Fig. 2 (b) ,  which was ob- 
ta ined by r o t a t i n g  t he  sample, shows the  t r u e  hexagonal morphology. Figure 3 

shows the  reason f o r  t he  apparent cubic form of t he  e t ch  p i t s  i n  Fig. ?.(a). I n  
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(b) 
FIG. 3 

Model showing how some i c e . c r y s t a l s  may appear t o  have cubic morphology 
when viewed i n  t he  SEM: 

(a) apparent cubic morphology when f ace  ' c '  is i n  e l ec t ron  shadow 
and not v i s i b l e ;  

(b) model viewed from another angle;  f ace  ' c '  is now i l luminated 
by e l ec t ron  beam and t r u e  hexagonal morphology i s  seen. 

Fig. 3 ( a ) ,  t he  hexagonal f ace  ' c '  i s  i n v i s i b l e  because t he  e l ec t ron  beam does 
not s t r i k e  i t  and no e l ec t rons  a r e  r e f l e c t e d  from t h i s  f ace  t o  t h e  co l l ec to r .  
A s  a r e s u l t ,  t he  observer s ee s  an apparent cubic form. I n  Fig. 3(b) t he  hexa- 
gonal f ace  is t i l t e d  towards t he  c o l l e c t o r  and the  observer s ee s  t h e  t r u e  hexa- 
gonalmorphology of t he  e tch  p i t .  Shape d i s t o r t i o n  of t he  image may a l s o  be 
caused by tilt of t he  specimen i n  t he  microscope i f  the  image i s  not cor rec ted  
e l e c t r o n i c a l l y .  This d i s t o r t i o n  is evident  wi th  spheres' t h a t  appear e l l i p t i c a l  
i n  o u t l i n e  a s  seen i n  Fig. 4. 

Percentage Estimation 

Two f a c t o r s  s t rongly  in f luence  t h e  es t imat ion  of t he  percentage of a compon- 
e n t ,  e spec i a l l y  a minor one, i n  a composite ma te r i a l :  ( i )  t h e  represen ta t ive-  
ness of t he  su r f ace  being examined, and ( i i )  t he  accuracy of t he  method used. 
When a composite ma te r i a l  is f r ac tu r ed ,  t h e - f r a c t u r e  w i l l  pass p r e f e r e n t i a l l y  

through the  weaker phase; hence more of t h a t  phase w i l l  be v i s i b l e  on t he  f rac-  
tured su r f ace  than i s  present  i n  t he  ma te r i a l .  It is  t he r e fo re  evident  t h a t  
es t imates  of t he  percentages of ma te r i a l s  present  i n  composites der ived from 
information obtained on f r ac tu r ed  sur faces  may not always be c o r r e c t ,  even when 

an accura te  method of es t imat ion  i s  used. However, when t he  purpose of t he  ex- 

amination is t o  determine t he  cause of f a i l u r e  of the  composite, examination of 
a f rac tured  su r f ace  is e s s e n t i a l .  

Even when a sur face  is  r ep re sen t a t i ve  of a sample, t he  determinat ion of t he  
percentage of a component is no t  an easy task .  Various s t a t i s t i c a l  methods f o r  

determining volume percentages from a r e a l  measurements a r e  ava i l ab l e ;  unfortun- 
a t e l y ,  i n  cement and concrete  research ,  v i s u a l  es t imat ion ,  a most un re l i ab l e  
method, is genera l ly  used. Fig. 5 i l l u s t r a t e s  t h i s  problem. I n  a t r i a l  c a r r i ed  
out  i n  t h i s  l abora tory  on "dummy" samples containing 5% of a white phase a s  
shown i n  Figs. 5a and 5b, es t imates  of t he  amount thought t o  be presen t  var ied  
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FIG. 4  

Micrograph showing l a t e x  spheres  i n  
port land cement pa s t e ;  sample con- 
ta ined  12% l a t ex .  Latex spheres  
appear e l l i p t i c a l  i n  o u t l i n e  because 
tilt co r r ec t i on  not  appl ied t o  image. 

from 2% f o r  Fig. 5a t o  40% f o r  Fig. 5b. 
I n  a  second t r i a l  c a r r i ed  out  a t  t he  an- 
nual  Transportat ion Research Board Meeting 
i n  Washington, i n  January 1988, a  group 

of experienced cement chemists and micro- 
s cop i s t s  estimated more accura te ly  t he  
percentages i n  the  two f i g u r e s ,  suggest- 
ing t h a t  accuracy of es t imat ion  improves 
with experience. 

Q u a n t i t a t i v e  Determination of Proport ions Present  

AS e a r l y  a s  1848, t he  French petrographer Delesse ( 3 )  showed mathematically 
t h a t  i n  a  random cross-sect ion of a  uniform aggregate t he  a r ea  occupied by each 
cons t i t uen t  i s  propor t iona l  t o  i t s  volume i n  t he  sample. This concept l ed  t o  
t he  development of q u a n t i t a t i v e  microscopy. Di f fe ren t  methods of determining 
t he  a r e a l  amount and hence volume of a  cons t i t uen t  on a  plane su r f ace  a r e  des- 
cr ibed i n  var ious  handbooks on petrographic procedures, e . g . ,  Quant i ta t ive  
Microscopy (4) .  

The s imples t  method is probably t he  po in t  count. The advantage of t h i s  
method is t h a t  a t  each poin t  t he  only dec is ion  t h a t  has t o  be made is i f  t h e  
po in t  is on o r  off t h e  s e l ec t ed  f ea tu r e .  I n  t h i s  s tudy ,  known amounts of d i f -  
f e r e n t  phases i n  specimens were determined by t he  po in t  count method using t he  

Cambridge Mark I I A  scanning e l ec t ron  microscope. The procedure was a s  follows: 

(b) 
FIG. 5  

Diagrams i n  which percentages of white phase 'in black mat r ix  a r e  t o  
be estimated v i sua l l y :  

(a) white  p a r t i c l e s  of v a r i a b l e  shape and s i z e ;  
(b) white p a r t i c l e s  of more uniform shape and s i z e .  
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The sample was s t e p  scanned i n  t he  x d i r e c t i o n  by r o t a t i n g  the  x-axis con t ro l  by 
180' f o r  each s tep .  After  each r o t a t i o n  i t  was noted i f  a po in t  a t  t he  cen t r e  
of t he  screen was on o r  off t he  des i red  phase. When the  edge of t he  sample was 
reached, t he  sample was moved one or  more s t e p s  a t  r i g h t  angles  t o  t he  t r ave r se  
d i r e c t i o n  and t he  procedure repeated u n t i l  t he  des i red  number of frames had been 
counted. A poin t  a t  t he  cen t r e  of t he  screen was used because, when necessary,  
t he  magnif icat ion could be increased t o  a i d  i n  i d e n t i f i c a t i o n  without moving the  
sample. 

I n  order  t o  es t imate  t h e  percentage of a phase i n  t he  sample i t  was necessary 

t o  determine t he  number of frames t o  be counted, using t he  following equation: 

L 
where P is the  number of frames required t o  g ive  t he  des i red  accuracy, o i s  t he  
var iance  and Vv i s  t he  estimated volume f r a c t i o n  of t he  phase t o  be determined. 
An es t imate  of t he  volume f r a c t i o n  Vv was f i r s t  made by counting u n t i l  about 10 
po in t s  f e l l  on t he  phase t o  be determined and was subs t i t u t ed  i n  Eq. (1) .  P was 
then ca lcu la ted .  

Table 1 shows t h e  number of frames t h a t  have t o  be counted, i n  hypothe t ica l  
samples containing varying amounts of t he  phase being i nves t i ga t ed ,  i n  order  t o  
ob t a in  an accuracy of 10%. I f  an accuracy of 5% r a t h e r  than 10% i s  required,  
t h e  number of frames counted must be increased from 1900 t o  7490 i n  a sample con- 

t a in ing  5% of t he  phase under i nves t i ga t i on ;  i f ,  f o r  

Table 1 
t h e  same sample, an accuracy of 20% is acceptab le ,  
t he  number of frames counted can be reduced t o  475. 

Rat io of Number of Frames Comparatively few inves t i ga t i ons  i n  cement and con- 
Counted t o  Percentage of c r e t e  research  warrant t h e  expenditure of e f f o r t  
Phase i n  Sample, f o r  an necessary t o  count manually t he  l a r g e  number of 

Accuracy of 10%. frames necessary t o  ob t a in  a reasonable l e v e l  of 

Percentage of Number of accuracy. I n  favorab le  ca se s ,  however, when a pol- 

Phase in Sam le Frames 
ished su r f ace  can be prepared without undue smearing 
of t he  phase of i n t e r e s t ,  an  image ana lyser  could be - 

5 1900 used t o  determine, au tomat ica l ly ,  t he  percentage of 
10 900 t h a t  phase. The Quantimet Image Analyser* i s  a typ- 
15 700 i c a l  appara tus ,  cons i s t i ng  of aplumbiconscanner ,  a 
2 0 400 T.V. d i sp l ay ,  a system con t ro l  module, a 2-D detec-  

t o r  and a computation module. The image on t he  T.V. - 
monitor i s  l i n e  scanned. There a r e  800 p i c t u r e  po in t s  per l i n e  and hence t h e  
system can be compared t o  a very accura te  po in t  system. The ana lyser  can be pro- 

grammed t o  g ive  g r a in  s i z e  d i s t r i b u t i o n ,  percentages of t he  d i f f e r e n t  phases t h a t  

a r e  d i s t i ngu i shab l e ,  and a r ea s  occupied by those phases; t he  r e s u l t s  a r e  obtained 

i n  a matter  of seconds. An accuracy of about + 2% has been reported (5). Some 

type of image ana ly s i s  apparatus  i s  undoubtedly t he  b e s t  method f o r  obtaining 
q u a n t i t a t i v e  da t a  from micrographs. For s a t i s f a c t o r y  r e s u l t s ,  however, i t  is 
e s s e n t i a l  t h a t  r ep re sen t a t i ve  samples be used and t h a t  d i s t o r t i o n  of shape does 
not  occur because of instrumental  f a c t o r s .  

An image ana ly s i s  system can be obtained f o r  about $18,000 but i t s  capab i l i -  
t i e s  a r e  very l im i t ed .  A use fu l  system w i l l  c o s t  between $50,000 and $100,000, 
a p r i c e  t h a t  is d i f f i c u l t  t o  j u s t i f y  un less  t he  machine i s  i n  almost cons tan t  

use.  

A l t e rna t i ve ly ,  t h e r e  a r e  methods by which t he  percentage of a component can 
be estimated more expedi t ious ly ,  though with l e s s e r  accuracy, than t h e  po in t  

* Manufactured by Image Analysis Corporation 
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count procedure. One of these ,  t he  g r id  count method, was t e s t ed  i n  t h i s  labor-  

a tory .  Ten micrographs were taken, uniformly d i s t r i b u t e d  i n  a cross-pat tern on 
t he  sample. A gr id  1 x 1 cm i n  s i z e  with 120 squares  was l a i d  over each micro- 
graph and t he  a r ea  occupied by t he  des i red  phase was estimated. The r e s u l t s  
were genera l ly  unsa t i s f ac to ry  but were probably more accura te  than those t h a t  
could be obtained by v i s u a l  est imation.  De t a i l s  of these  experiments w i l l  be 
described l a t e r .  

Procedures f o r  Sample Preparat ion and Evaluation of Methods 
of Determining Percentages of Phases Present  

Prepara t ion  of Sample Surfaces 

The experimental r e s u l t s  presented i n  t h i s  paper show t h a t  f rac tured  sur faces  
of some composite ma te r i a l s  can provide i nco r r ec t  da t a  when the  average composit- 
ion  of t he  sample i s  required.  Surfaces prepared by c u t t i n g  wi th  a diamond saw 
e l imina te  t he  problem encountered with some f rac tured  su r f ace s ,  but with s o f t  
composites, smearing a t  t he  sur face  may prevent i n d e n t i f i c a t i o n  of phases. 

There a r e  o the r ,  more soph i s t i c a t ed ,  poss ib le  methods t h a t  could be appl ied 
t o  t he  problem. P o s s i b i l i t i e s  inc lude  t he  free-abrasive wire  s l i c i n g  system 
supplied by Geos Corporation* and t he  water- je t  c u t t i n g  apparatus  suppl ied by 
Flow Research Inc.** Another p o s s i b i l i t y  would be t o  begin with a sawn su r f ace  
and machine a f r e s h  su r f ace  with an i on  mi l l i ng  apparatus .  One problem with 
t h i s  apparatus  is t h a t  i f  t h e  sample is hea t  s e n s i t i v e  (as  i s  cement pas te )  it 
is e s s e n t i a l  t o  use a cold s tage .  This adds considerably t o  t he  cos t .  I n  f a c t  
t h e  main problem with these  a l t e r n a t i v e  methods suggested i s  cos t .  The ion  m i l -  
l i n g  apparatus  with a cold s t age  attachment c o s t s  about $20,000; t he  o ther  equip- 
ment is even more expensive. It i s  d i f f i c u l t  t o  j u s t i f y  such an expenditure un- 
l e s s  t he  apparatus  is  i n  almost d a i l y  use. 

Representat iveness  of Surfaces and Methods of Evaluation 

I n  t he  q u a n t i t a t i v e  ana ly s i s  of a composite containing a small  percentage of 

a weak phase i n  a s t rong  matr ix a su r f ace  prepared by c u t t i n g ,  e .g . ,  with a dia-  
mond saw, should no t  be inf luenced by t he  d i f f e r ences  i n  s t r eng th  between t he  two 
components a s  would a f r a c t u r e  sur face .  A number of samples were prepared t o  
demonstrate t h i s  e f f e c t .  

I n  t he  f i r s t  system, l a t e x  spheres  about 25 um i n  diameter were mixed with 
port land cement, which was then hydrated. A micrograph of t he  sample is shown 
i n  Fig. 4. The r e s u l t s  of the  percentages obtained by poin t  counting on sawn 
and f rac tured  sur faces  a r e  shown i n  Table 2. 

Table 2 

Comparison of Resul ts  of Point  and Grid Counts on Sawn and Fractured Sur- 

f ace s  of Samples Containing 12 and 5% Latex Spheres i n  Port land Cement (p .c .1  

Sample Surface Prepara t ion  Point  Count Grid Count 

12% l a t e x  i n  p.c. f r ac tu r ed  19.7 13.9 
12% l a t e x  i n  p.c. sawn 11.4 7.9 

5% l a t e x  i n  p.c. f rac tured  10.8 5 .1  
5% l a t e x  i n  p. c.  sawn 5.0 3.3 

* Geos Corporation, 420 Fa i rv i e ld  Ave., Stanford,  Connecticut 06902, U.S.A. 

** Flow Research Inc. ,  P.O. Box 5040, Kent, Washington 98031, U.S.A. 
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In  Table 2 i t  is c l e a r  t h a t  t he  po in t  count r e s u l t s  f o r  sawn sur faces  a r e  
s a t i s f a c t o r y  and unbiased, but t h a t  t he  po in t  count r e s u l t s  f o r  f rac tured  sur -  
faces  f o r  both 5% and 12% specimens a r e  much too high. Although some of t he  er-  
r o r s  can be a t t r i b u t e d  t o  su r f ace  roughness of t he  f r ac tu r ed  sur faces ,  t h i s  would 
no t  account f o r  t he  l a r g e  e r r o r s  t h a t  were found. The bond between cement pa s t e  
and l a t e x  was ev ident ly  weaker than t h a t  between c r y s t a l s  i n  cement and t he re fo re  
a  f r a c t u r e  would tend t o  run round one l a t e x  sphere and on t o  an adjacent  one 
r a the r  than c u t  d i r e c t l y  through the  sample. A s  a r e s u l t ,  an excessive amount of 
l a t e x  was observed on f rac tured  sur faces .  

The r e s u l t s  obtained by t he  g r id  count method involving 10 uniformly d i s t r i b -  
uted micrographs were reasonably accura te  f o r  t he  f r a c t u r e  sur faces  but q u i t e  low 
f o r  t h e  sawn sur faces .  

A second system cons is ted  of s t rong  s i l i c o n  carb ide  whiskers i n  ( r e l a t i v e l y )  
weak port land cement pas te .  The r e s u l t s  a r e  shown i n  Table 3  and a  micrograph 
of a  sample is provided a s  Fig. 6. Here sawn su r f ace s  were too smeared f o r  t he  

S i c  t o  be observed. Fractured su r f ace s ,  a s  expected, yielded va lues  t h a t  were 
lower than t he  t r u e  values.  These were s l i g h t l y  lower f o r  t he  po in t  count method, 

and considerably lower f o r  t he  g r id  count method. 

Table 3 

Comparison of Resul t s  of Point  and Grid Counts on Sawn and Fractured Sur- 
faces  of Samples Containing 5 and 10% S i l i con  Carbide i n  Port land Cement(p.c.) 

Sample Surface Prepara t ion  Point  Count Grid Count 

10% S i c  i n  p.c.  f rac tured  8 . 6  4.5 
10% S i c  i n  p.c. sawn - * - 

5% S i c  i n  p.c.  f r ac tu r ed  3 . 6  2 . 3  

5% S i c  i n  p.c.  sawn - - 

* The su r f ace  was too smeared f o r  t he  S i c  t o  be observed. 

Both preceding systems involved reason- 
ably s t rong  (cement pas te )  mat r ices .  To 
s tudy t he  e f f e c t  of a  weak matr ix a  number 
of samples of gypsum were prepared with 
var ious  inc lus ions .  Micrographs of two of 
these  a r e  shown i n  Figs. 7 and 8. 

I n  t he  f i r s t  s e t ,  19.8% l a t e x  was added 
t o  hemihydrate which was then hydrated and 
prepared f o r  examination. The r e s u l t s  a r e  

given i n  Table 4. 

I n  Table 4, where both t he  inc lus ion  
( l a t e x  spheres)  and the  mat r ix  (gypsum) 
a r e  s o f t ,  t he  po in t  count r e s u l t s  a r e  rea-  
sonably good f o r  both sawn and f rac tured  
sur faces .  The g r id  count r e s u l t s  se r ious-  

l y  underestimate t he  amount of l a t e x  pre- 
s en t  f o r  e i t h e r  type of sur face .  

FIG. 6  
Another s e t  of specimens was made, con- 

Micrograph showing S i c  whiskers s i s t i n g  of mica i n  gypsum; t h e  r e s u l t s  ob- 

i n  port land cement pas te ;  sample ta ined  from examination of them a r e  shown 

contained 10% Sic .  i n  Table 5. Here, a s  expected, t he  f r a c t -  
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FIG. 7 FIG. 8 

Latex spheres  i n  gypsum. Large, f l a t ,  mica f l akes  i n  gypsum; 

sample contained 20% mica. 

Table 4 

Comparison of Resul ts  of Point  and Grid Counts on Sawn and Fractured 
Surfaces of Samples Containing Latex Spheres i n  Gypsum 

Sample Surface Prepara t ion  Point  Count Grid Count 

19.8% l a t e x  i n  gypsum f r ac tu r ed  19.5% 9.0% 
19.8% l a t e x  i n  gypsum sawn 17.5% 11.1% 

u r e  su r f ace s  yielded poin t  count eva lua t ions  t h a t  were too high,  i nd i ca t i ng  t h a t  
t he  f r a c t u r e  had passed p r e f e r e n t i a l l y  through the  mica f l akes .  Again t he  sawn 
sur faces  provided good poin t  count es t imat ions .  I n  t h i s  p a r t i c u l a r  s e r i e s  t he  
g r i d  count es t imat ions  were reasonably s a t i s f a c t o r y .  

Table 5 

Comparison of Resul ts  of Point  and Grid Counts on Sawn and Fractured 
Surfaces of Samples Containing 5 and 20% Mica i n  Gypsum 

Sample Surface Preparat ion Point  Count Grid Count 

20% mica i n  gypsum f r ac tu r ed  25.8 17.2 
20% mica i n  gypsum sawn 20.2 21.5 

5% mica i n  gypsum f r ac tu r ed  8.8 5.4 
5% mica i n  gypsum sawn 6.6 5.9 

Conclusions 

During t he  pas t  12 years ,  inva luable  information has been obtained by the ex- 
amination of samples i n  t he  SEM. However, i nco r r ec t  i n t e r p r e t a t i o n  of t he  mor- 
phology of var ious  f ea tu r e s  can a r i s e  owing t o  a  number of causes.  

1. The su r f ace  t e x t u r e  of t h e  sample may be a f f ec t ed  by improper use  of a 
s p u t t e r  coat ing u n i t .  
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2. I f  t he  micrographs a r e  inver ted  by mistake,  nega t ive  r e l i e f  can appear 
p o s i t i v e  and v i c e  versa.  

3. The sample geometry and i t s  r e l a t i o n s h i p  t o  t he  inc ident  angle  of t he  
e l ec t ron  beam and t he  takeoff angle of t he  de t ec to r  can r e s u l t  i n  m i s -  

i n t e r p r e t a t i o n  of t he  morphology. I n  t he  sample c i t e d  i n  t h i s  paper,  
hexagonal e t ch  p i t s  appeared t o  be cubic. 

4. Dis to r t i on  of t he  shape of t he  image of t he  sample w i l l  occur i f  t he  

sample is  t i l t e d  and e l e c t r o n i c  tilt co r r ec t i on  is not  appl ied t o  t he  
image. 

Quant i ta t ive  es t imates  of phases presen t  i n  composites a r e  d i f f i c u l t  t o  ob t a in  
and t he  problem may be compounded i f  t he  phases a r e  not  e a s i l y  i d e n t i f i e d .  When 
f rac tured  su r f ace s  of composites containing phases of d i f f e r e n t  s t r eng ths  were 
examined, i t  was shown t h a t  t he  f r a c t u r e s  passed p r e f e r e n t i a l l y  through the  weak- 
e r  phase causing t he  amount of t h a t  phase t o  be overestimated. This observat ion 
may be used t o  advantage, however, when a  sample is examined t o  determine t he  
cause of i t s  f a i l u r e .  Examination of sawn su r f ace s  overcomes t he  problem of over- 
est imating t he  amount of t he  weaker phase but  sawing smears t he  su r f ace  of many 
samples. 

For q u a n t i t a t i v e  es t imates  of t he  proport ions present  i t  is c l e a r  t h a t  po in t  

count es t imates  a r e  much super ior  t o  g r i d  count r e s u l t s ,  t he  l a t t e r  y ie ld ing  only 
very rough es t imates  p a r t i c u l a r l y  when only small  proport ions of t he  phase of in-  
t e r e s t  a r e  presen t .  For some samples, however, t h i s  may be b e t t e r  than a  v i s u a l  
es t imate ,  and comparatively l i t t l e  e x t r a  e f f o r t  would be needed t o  take  t he  re-  
quired 10 uniformly d i s t r i b u t e d  micrographs. Visual es t imates  tend t o  be highly 
un re l i ab l e  un less  made under favorab le  c'ircumstances by experienced i nves t i ga to r s .  
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