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Portland Cement P o t e n t i a l  Compound Slide R u l e  



SLIDE RULE FOR CALCULATING POTENTIAL COMPOUND 
COMPOSITION OF PORTLAND CEMENT 

mtroductory Remarks 

L e  s l ide  ru le  described herein was designed f o r  converting 
percentages of the najor oxides i n  portland cement and cement clinker 
i n t o  pxcentages of compounds present i n  the clinker a t  e r y s t s l u n e  
equilibrium. The rule x s i g n e d  by L. A. D a h l  (Rock Products, 
November 9# 1929, page 50 
with arithmetical and gra 
sion, by R. 11. Bogue (Industr ia l  and Engineering Chemistrg-, A n w i c a l  
W t i o n  Vol. 1 (l929), page 192, and Rock Products, November 9, 1929, 
page 47j. Reference should be made t o  these papers f o r  de ta i l s  concern- 
ing the design of the r u l e  and the  selection of compounds i n t o  which the 
conversion i s  made. 

The compounds involved were reported, 
c methods f o r  performing the same conver- 

G e  s l ide  ru le  i s  designed f o r  a portion of the  syetem 3CaO.SiOa- 
2CaO .Si0,-3CaO.Ala0,~Ca0.AlaO3 .Fea03 which includes most portland cement 
compositions (considered With reference t o  the  four major a i d e s  in cement 
c l h k e r m I n  this range, percentages of the compounds are obtained 
directly. The rule  may be applied t o  llover-limedll compositions, invZ11ving 
CaO instead of 2Ca0.SiOa, by simple additional computations which wil l  be 
described. A rethod of using the  s l ide  r u l e  f o r  compositions in an 
adjacent system involving 2CaO.FeaO9 instead of 3CaO&La0 has been 
devised by R. €1. Bogue. A scale  f o r  2Ca0.Fe,0J has been Ltroduced 
in the s l ide  rule for  use with this method. 

In the investigation 
reported by R. 11. So&%e, referred t o above, it nas found tha t  in 
systems involving only the  principal d d e  constituents of portland 
cement clmlmr, CaO, SiOa, Ala03, FepO and El@, the  compounds present 
at crys ts l l ine  eqmlibrium are the  f o & d n g c  

(1) Tricalcium s i l ica te ,  3CaO.Si0,. 
(2) Dicalcium s i l ica te ,  2CaOSiOa. 
(3) Tetracalcium aluntSnoferrite, &aO&LaO, .FeaO,. 
(Ir) Iktmesia, essentially uncombined,  go. 
(5) Tricaleium aminate, 3C&.fL&03, or  dicalcium 

ferrite, PCaO.FeaOp. Tricalcium aluminate is 
present only when tne rmmber of equivalents 
of 8120, exceeds t h a t  of FepO,, dicalcium 
f a r n t e  then being absent. In  some unusual 
cams, the number of ,equivalents of Fea03 ex- 
ceeds that of AlaO,. In that case, dicalcium 
fcrrite i s  present ( in  sol id  solution w i t h  
lrCaO.AlaO,), wllile t r i c d c i w n  duninate is 
absent. 

Compounds Formed in C m t  Clinker. 
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Ehturally the calculated compound composition is i n  crror  t o  
thc cxtent t h a t  the percentages of the  co?lpounds are influenced by the  
minor constituents and by fa i lure  t o  attain crys ta l l ine  equilibrium. 
Questions have also ariscn concerning the  s t a t e  of Fe,O and Al2O3.* 
IIowcver , notwithstanding the present uncei-tainty concernmg these mat- 
ters, thc potent ia l  compound composition calculated upon the  basis ox' 
the  compounds l i s t e d  above has been found t o  be of great value in con- 
t r o l  oi composition III the manusactwing process and i n  comparisons of 
the behavior of portland ccnrents. 

analysis may be composed or s i l i c a  Fn the  form of quartz together with 
t i tMia and other components which are present i n  traces. This s i l i c a  is 
not in combination, and consequently IWJ~ n e  creoncted from the  t o t a l  s i l i c a  
before procccding with the computation. IIouevcr, r r i t l i  SIC s m a l l  mount of 
insoluble residue usually found, from 0.1 t o  0.2& it is generally not 
advisable t o  determine the amount 01 s i l i c a  which it contams. Unless 
the amount of residue i s  large anough t o  iiarrant deternunation of its 
SiO, content, it should be ignored. 
t i e s  of SiOa may be estimated frm the f a c t  th - l  a plus error  of 0.1% of 
SiOp w i l l  result i n  a decrease of 0.76% in complted 3CaOSiOa, and an 
increase of 0.66% i n  ZCaO.SiOB. 

determined 
hgineering?hemistry, Analytical Edition, Vol. 2 (1930) , page 296. 
The f ree  CaO found by this method is CaO which has f a i l e d  t o  combine 
with any other of the components of the clinker, and i s  consequently 
designated as "free". If the intention i n  calculating compounds is t o  
use the converted composition i n  studying cement properties, the f r e c  
JaO should be determined and deducted f r o m t o t a l  CaO before proceeding 
ilith the computations. On the  other hand, if the puposc is  t o  judge 
control of composition in the manufacture of cemsnt, no deduction of 
f r e e  CaO or  s i l i c a  in insolubleresidue i s  necessary. Deducting 1.00% 
free CaO from the t o t a l  CaO resu l t s  in a decrease of h.07% in computed 
3CaO.Si0, and an increase of 3.07% in 2 C a G S i O a .  

The method of Lerch and Bogue f o r  determin- 
ing f r e e  CaO i s  frequently applied t o  portland cement. The value obtained 
i s  usually not the t r u e  f ree  CaO content, however, since it includes Ca(OH),, 
a'product of m a t i o n  which is not free CaO, and t h e  value i s  reduced by 
carbonation'of Ca(OH), and f r e e  CaO when cement is exposed t o  the  air. 
The value obtained i n  the test may therefore be greater or less than t h e  
free CaO content of the clinker from which the  cement i s  made. The ex- 
tent of the error  introduced by ignoring f r e e  CaO, or  by deducting the  
per cent obtained by applying the Lerch and B o w  method t o  cement, n q f  
be judged by the  factors  given above. 

Insoluble Residue. The 'rrinsoluble resiciuett obtained i n  a cement 

The effeci. G f  ignoring small quanti- 

Free C a O  i n  C l i n k e r .  The free CaO content of clinker may be 
t h  e mctliod described by Lorch and Bogue ( Industr ia l  and 

Free CaO i n  Cement. 

a, A. S-8. herlean Jaurnal of Shienoe, Vol. a, No. 1 and 2. 
(Jen. end Feb., 1946). 
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Calcium Sulfate. 
from u p m i  &Led 2rior tb erinding. Scalcs are provided on the  rule 
f o r  taka& the so, content ln to  account when compxting pcrccntages of 
clinkcr coripxnds i n  a cement. There i s  no method available i o r  dis- 
t iniuishing between the SO, original ly  present i n  t h c  clinker and t h a t  
added before griniing. It is  wggestcd tha t  SO, be t&en i n t o  account 
in calculations involving cenent, and ignored in calculations involving 
clinker. 

The SO, in a cement is deri-mi p i n c i p a l l y  

Application t o  Cement h i r  Pixtures. The s l ide  r u l e  may be 
applied t o  coment raw mixtures a f t c r  convcrsion of thc oxide composition 
t o  an i m i t c d  basis. 
obtained represents the percentages of the compounds which would be 
present i f  tho principal oxides irere convcrted completely t o  the  c o w  
pounds nnmcd, with no loss or @in of the inCividubl oxides. Since 
complete convcrsion is assuricd, there  i s  no need f o r  consickring f r e e  
CaO or  other product of incomplcte combination. The percentages 
of som of the oxides r r i l l  frequently be outside of the range of the  
scales on the rule. Nethods of using the s l ide  r u l e  in such instances 
are  available t o  those i h o  havo occasion t o  L e a l  with coxxiitions of 
this nature. 

In  this application the compnmcl coinposition 

Operation of Slide Rule 

The following abbreviations me usedi 

C& . - 3Ca0d1203 
C,F - 2Ca0.Fez03 
C&F I bCa0dl2OS.FeZO, 
css - 3CaQ.Si0, 
c,s I 2cao.sio; 

In  describing the operation of the s l ide  ru le ,  the guide Ynes 
at the ends of the  scales  are  regarded as the ends of the r u l e  and of 
the  slide. When it i s  s ta ted that  the runner is  t o  be set over t h e  end 
of the slide, it is understood that the  hair m e  on the  mer is to be 
placed over the guide l i n e  at one end of the slide, always choosing t h e  
end which does not project beyond the  end of the rule. 

The scales f o r  calculating C,S and C,S are on the face of the 
rule. Thosc f o r  the other conpounds are on the  back of the rule. 
l i k e  previous m&els of t h e  sliae rule, it is uunecessarg €0 revmse the  
s l ide  at any t h .  

Cements marmfactured in this country are generally of the  type 
i n  ~ c h  the  Al,0s/Fea03 r a t i o  is greator than 0.64. These w i l l  be re- 

Cenents 

Un- 

since C$ is present and C,F absent. 
less than 0.64 (C,F present, C absent) are 

s l ide  rule roeg be applied t o  bo& classes af 
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composition. Them arc somc rljfforcnccs i n  thc operation of the s l i d c  
rule f o r  the two types of compositicn, and vhcrc these diffcrcnces 
o w ,  tho successivc stops will be shown sidc 5y sidz, :iith thoso f o r  
the  C& ccmpositions a t  thc le f t .  Fo* t h c  usual compositions, i n  which 
C+A i s  present, tho piraccduro dcscribod a t  thc riGht m a y  be ig~orod .  

Rend pcr cent C+AF undor runner. 

Read per cent C& undor runner. 

Set runner cvcr cnd of slide. 

Tricalcium Aluninat ) or  Mcalcium Fcr r i t -  (C27) 2nd 
Tetracalcium Alwrdno-Fcrritc (C . USC bat:: O f  rULI’. 

Sct runner ovcp cnd of slido. 
Road pcr ccnt  CaF under runner. 

mans of thc  p i d c  lines. 

Road per cent C& under runner. 

Sot s l ide  flush i d t h  m l c ,  by 

Draw runner ovcr per ccnt A1203. 

Set runnor ovcr per cent A120,. 

Draw por ccnt Fe,O, under runnor. For ccmonts of thc usual 
type (C& presonts,C& absont) tha s l ide  will now project t o  tho r ight .  
If it projects t o  t h e  l c f t ,  C2F i s  prcscnt, C& abscnt. 
i n  the two casca i s  givan sepai*atdy bclon. 

The p ~ o c o ~ o  

Draw per Cent AlaOs under ~ e r .  
Set  runner over end cf slide. 
Draw per cent Fe,O, under runurn. 
Set  runner mr end of slide. 

Slide projocting t o  r igh t  ( C a  prcscnt) Szidc projecting .to l c f t  (C2F prcscnt) I 

Draw 2/3 of thc per cent A120, under 
runner. Sct runncr ovcr end of sliclc. 
Draw twice the  per ccnt Fo20, under 
runner. Set runner ovcr cnd of slide. 

‘hicalcium silicatc (C,s) and Dicdlcium Si l ica to  (C,S),. 
face of  t h e  rule. 

Usc the  

Set  runner ovcr per cent CaO (or par ccnt cao remaining aftcr 

Drau per cent sio, (scale f o r  c&uzxier m e r .  Set  m c r  

deducting free CaO). 

wcr end of slide. 



II maw per cent Sio, (scale f o r  CaS) under runner. Set runner 
over end of sUde. Read per cent CaS under runner on the  C S (B scale) 
arcept when the CaS is l e s s  than 23.0 per cent or negative ~ovar-limsd 
o m ) ,  in which case the potential CaS i s  read on the CaS (A scale). 
If in doubt, both values m y  be r ~ c o r d e d  subject t o  choice when tha  
computation is checked, (See Example 4.j 

Calcium Sulfate (CaSOd. 

The per C e n t  of CaSOI i s  read di rec t ly  below the per cent of 

Maysi&w. A t  crystalline equilibrium the  magnesia in 

Use the  back of the rule. 

%* 

portland cenmn c r is essent ia l ly  uncombined. Hence, the  analyt ical  
value for Hgo is used dFrectly in expressing compound composition. 

Checking the Conptation. The sum of tho percentages of the 
,  compound^ shouldbe equal t o  the sum of the  percentages of the oxides 

involved in the  computation. This pmxides a convenient means of 
detecting errors. 
necessary t o  manipulate the ni te  carefully, estimating percentages of 
the compounds t o  0.1 per cent. 
be seen by considering t h e  e f fec t  of a plus error  of 1.00 per cent in 
theastimation of C,S. This introduces a ndnus er ror  of 0.75 per cent 
in the C,S, so that the t o t a l  i s  increased only 0.25 per cent. 

Two values f o r  per cent C,S are obtainable; the  value read 
0x1 the  scale  or a value 70.0 greater. 
are  obtainsble, the value on the B scale  o r  a value 52.8 per cent 
less, on the A scale. 
C,S which lead t o  a t o t a l  which checks the sum of the oxides are the 
correct valuee. 

If the per cent of CaO i s  above the 
t h e o r e t i c d  l int9 l i n t l t  , the c a l d a t e d  per cent of C,S w i l l  be negative 
*en compound composition is calculated without deducting free C ~ U  from 
t o t a l  CaO. Negative percentages of  CaS appear on the  right-hand portion 
of the A scale. 

The negative percentage of C,S and the  per cent of C S obtained 
wlth it are f i c t i t i o u s ,  but they should be used without correction in raw 
ndx calculations. A-negative C S in a clinkcr, however, indicates t h a t  
a t  crystal l ine equilibrium CaO ?excess l i m e )  and C S a r e  prescnt, and C,S 
absent. The per cent of excess C a O  and the correct per cent of C,S axe 
obtained by the following procedure. 

or more accurately, 0.32% times the Case 

t ract ing the per cent of CSO from the algebraic sum of the C,S and CaS 

If the  total i s  t o  be used i n  checking, it is 

The impartance of this procedure may 

Similaxly, two values for CaS 

Upon checking the to ta l ,  the values of C,S and 

Omr-Umd Compositions. 

I 

The per cent of excess CaO is one-third of tho negative C2S, 

The per cent of CQ is equal t o  the result obtained by sub- 
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obtained with thc s l idc  mlc .  For cxmplc, if the  pcrcentabcs of C,S 
mcl C2S obtained with thc s l idc  rulc t x c  81.2 2nd -12.3 pcr ccnt, 
rospcctivcly, thc pcr ccnt of cxccss CaO is 12.3 x 0.325’6, or 4.0 pcr 
ccnt. 
Thc correct porccntagc of C3S i s  thorcforc 68.9 - 4.0, or a.7 pcr c a t .  

The dlgcbraic 3wp of $1.2 cmd -12.3 is c1.2 - 12.3, or 68.7. 

C o m p o u n d s  Cbcidcs 
Analysis As U s c d  in Rule 

SiO, 20.60 20.60 c,s 47.4 

FcpO, 4.86 4.86 CJA 10.0 
CaO 63.81 63.18 C4P.F Ih.8 
IIgO (3.00) (3.0) 
SO, (0.32) 
Free CaO (0.63) (0.6) 

~1~0, 6.08 6.88 C,S 23.3 

Total 95.52 75.5 * 

I l lus t ra t ions  

T i c  following m a p l e s  arc givcn t o  i l l u s t r a t e  thc method of 
computation, and a l s o  thc mcthod of chccldng thc  computation: 

Example 1. A C l i n k c r  

In calculating CsS, two th i rds  the per ccnt of A1203 and trlice 
thc pcr c a t  of FcaOJ, t h a t  is, 2.50 and a.16 per cent, rcspc t ivc ly ,  
arc used. 
thc  f i rs t  four  oxiclcs, loss thc free CaO. 

Thc Cotal of the four compounds i s  chcckcd against thc  sum of 

-8- 



&ample 3. A Ccmcnt 

b 
Cbdrles Co~ounds  

APPrm 
Cement Clinke Anidpis  

5.2 

The sum of the  non-volatile constituents derived from the  
clinlcer i s  93.7 + Mgo - CaS04, or  95.9. To place the cement compo- 
s i t i o n  on an a2prcPrimate clinker basis, the percentages of the  f i r s t  
four compounds and the HgO are each m l t i p l i e d  by 100/95.9, or 1.&3, 
obtaining the f igures  i n  the last column. 

m a p l e  4. IUI over-limed Composition 

A s  obtained on the  ru le,  t r r c  values are  found for C,S, ll.8 
Similarly, tvm values for C,S, 45.1 and -7.7 and n.8 + 70.0, or  81.8. 

are found, from the B and A scales, respectively. The values 81.8 for 
CsS and -7.7 f o r  CzS lead t o  the correct to ta l ,  and a m  therefore the  
correct values. 

The calculatA.on proceeds no further if the material is a 
If it i s  a clinker, th; excess CaO i s  found & 7.7 x 0.3256, raw nix. 

o r  2.5 per cent. The correct per cent of C,S is G1.0 - 7.7 - 2.5, cr 
71.6, thich leaves the  t o t a l  unchanged. 
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