
Annex- A 
 
Take the filtrate set aside in Cl 4.7.1 (remaining after CaO precipitation) and make up the 
volume in a 250 ml volumetric flask. Take 50 ml or suitable aliquot of the solution in a 
conical flask and add 10 ml of pH 10 buffer solution (Cl 4.1.13) till solution pH is 10 ± 0.1 
followed by addition of 5 ml of Triethanolamine (1:1 by volume, Cl 4.1.2.8).  
Add 3-4 drops of Eriochrome Black T indicator and titrate with 0.01M EDTA solution till 
colour changes to pure blue end point free from violet tinge.   
 
 
Calculations —  
Calculate the percentage of MgO as given below:  
 
1 ml of 0.01 M EDTA = 0.4032 mg of MgO  
 
Magnesium oxide (MgO) percent = 0.04032 x 5* x V 
                                                                    W 
where, 
V = Volume of EDTA used in this titration in ml and W = Weight of the sample in g. 
 
*Note: Considering 50 ml of aliquot pipetted from 250 ml test solution. 
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BHARATIYA NIRDESHAK DRAVYA

(INDIAN REFERENCE MATERIAL)

Cetificate
BND@ sosz.l,

PORTLAI\ID POZZOLANA CEMENT STAIIDARI)
(CHEMICAL PARAMETERS)

Certificate Number: BND@ soszN -21-?

This Bharatiya Nirdeshak Dravya, BND@SOSZA, an lndian Certified Reference Material
(CRM), produced by National Council for Cement and Building Materials (NCB), India and
it is intended to use as a primary standard for calibration of instruments and validation of
method for the characterization of the measurand for the analysis of Portland Pozzolana Cement
(PPC). One set of BND@5052A consists of 4 sealed vials, each containing approximately 59
of powdered PPC. The analysis of LOI, MgO, SO:, IR and Cl have been determined as per
IS 4032:1985. Estimation of alkalies have been done as perNCB standard procedure, MS-
1 3-20 I 0 (validated method).

Certified Value: The parameters have been analysed as w/w of the total material and
reported in percent. The certified value is determined by National Council for Cement and
Building Materials and further verified by CSIR-National Physical Laboratory, New Delhi,
National Metrology Institute (NMD of India. The associated measurement uncertainty was
calculated at 95oh confidence level with coverage factor ft:2, considering major sources of
uncertainty including measurement replication, instrument background, mass taken, possible
heterogeneity and stability factors according to ISO GUM Guide [] and ISO Guide 35 [2] as

given in Table 1.

Tablel: Certified values and associated measurement uncertainties of chemical parameters of
PPC

CONSTITUENT CERTIFIED VALUE
(PERCENT BY WEIGHT)

EXPANDED I.JNCERTAINTY
(Coverage Factor ft:2)

LOI 1.2s +0.02

Meo 2.27 +0.05

SOr L91 +0.02

IR 24.5 +0.38

NazO 0.49 +0.04

KzO 0.77 +0.03

CI 0.0t2 +0.002

Development of BND@ 5052A has been carried out at NCB, as per ISO 17034:2016 [3] and
testing is performed with compliance as per ISO/IEC 17025:2017 l4l. The certified values of
the parameter given in the certificate are the best estimate of true value within the stated

uncertainties. The certification of the BND@ 5052A is also complying the requirements of ISO
Guide 31 [5].
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Nature of Material: Non-hazardous

Traceability: The BND'&5052A is the metrological traceable to SI units through Indian
national measurement standards at CSIR-National Physical Laboratory. All measurements
have been carried out to establish traceability through an unbroken chain of comparisons,
having stated uncertainty.

Expiration of Certification: The certification of BND'o5052A is valid, within the
measurement uncertainty specified, until 03 January 2025, provided the BND is handled and
stored in accordance with instructions given in this certificate. This certification is nullified
if the BNDto is damaged, contaminated or otherwise modified.

Maintenance of Certification: NCB will monitor the certified values of BND@5052A over
the period of its certification. If substantive technical changes occur that affect the
certification before the expiration of certification, NCB will notify the purchaser.

Instructions for Storage and Use and Precautions for Handling:
1. BND@ 50524 CRM should be used in controlled conditions, using calibrated equipment,

by trained personnel.
2. The CRM is to be dried at 105+5'C for two hours before use.
3. After drying, the material should be protected from atmospheric moisture and used

immediately. Leftover portion in a vial, if any, should not be used at a later date.
4. The material should be stored under non-humid conditions to avoid any ingress of

moisture/COz.
5. Record of usage of CRM and the results must be maintained.
References:

l. JCGM 100.2008-Evaluation of measurement data- Guide to the expression of uncertainty
in measurement.

2. ISO Guide 35-Reference Materials - General and statistical principles for certifications;.
3. ISO 17034:2016 - General Requirements for the competence of Reference Material

Producers.
4. ISO/IEC 17025.2017- General Requirements for the competence of testing and

calibration laboratories.
5. ISO Guide 3l - Reference Materials - Contents of certificate, labels and accompanying

documentation.
Date of Certification: 0410112020
Document Version : BNDA{PLA{ CB I 2020 I 2.0
Certificate issued by

Dr R P Pant
Head, BND Division
CSIR-National Physical Laboratory
DrKSKrishnanMarg
New Delhi-l10012

{' In case of any query regarding this BND@ please contact Dr. R. P. Pant, Head (BND Division), CSIR-NPL
(NMI of India), New Delhi-l10012.

* This certificate shall not be reproduced without written approval from CSIR-NPL, New Delhi.
* Responsibility for issue and release of this certificate lie with NCB.
For Further Information, Please Contact: National Council for Cement and Building Materials, 34 Km.
Stone, Delhi-Mathura Road (NH-2), Ballabgarh, Haryana - l2l004,India; phone +91-1294192239/303, +91-
129-2242051, +91-1294192222; Fax +91-129-2242100, +91-129-2246175 Email: ncb.cqc@gmail.com,
cqcb@ncbindia.com, nccbm@ncbindia.com. website: www.ncbindia.com

Accredited as per

IS0 17034:2016 vide

Certificate No. RC-1016

P N Ojha
Head of Centre-CQC
National Council for Cement and
Building Materials
Ballabgarh-l2 1004, Haryana
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Certilicate Number: BND@ 5053/1.0/ll
This Bharatiya Nirdeshak Dravya, BND@ 5053, is an Indian Certified Reference Material of Portland Slag
Cement Standard produced by National Council for Cement and Building Materials (NCB), tndia. It is
intended tn be',Urod as a primary standard for calibration of instruments and validation of method for
characterization of the measurand for analysis of Portland Slag Cement. One set of BNDo 5053 consists of
4 sealed vials, each containing approximately 59 of powdered Portland Slag Cement. The estimation of
Loss o.t lgnition (LOD, SiOz, FezOg, AlzO:, CaO, MgO, SOr, lnsoluble Residue (IR), Cl,and,Sulphide
Solp[,]ri,$ has been carrledoutas per trS 4032: 1985. The estirnation.of Mtr2Or, fiOr, i ,,Ms-been
carried out as per IS 12421:1988. The analysis of Alkalis has been cirrieO out as per NCB standard
procedure, MS-13-2010 [1]. The parameters have been analysed as w/w of the total maierial and reported
in percent. The certified value is assigned by National Council for Cement and Building Materiais and
further ascertained by CSIR-National Physical Laboratory, New Delhi. National Measuiement lnstitute
(MvII) of India. The certified value of Portland Slag Cement along with the associated uncertainty was
calculated at 95o/o confidence level with coverage factor lr2, considering major sources of uncertainty
inctuding measurement replication, instrument baikground, mass taken, poriibt.i.terogeneity and stability
factore accotding to ISO GUM Guide 100:2008 [2] and ISO Guide 35:2017 [3] as given in Table l.

$nrfiq Frtrm EeT
INDIAN REFERENCE MATERIAL

(BHARATIYA N.IRDESHAK DRAVYA, BND)

BND Certificate
BND@ 5053

PORTLAND SLAG CEMENT STANDARD

(CHEMICAL PARAMETERS)

ablel: value
CONSTITUENT

(PERCENT BY WEIGHT)
CERTIF'IED VALUE EXPANDED UNCERTAINTY

b2
LOI 3.13 *0.12
SiOz 2s.12 +0.14

FezOr 2.48 +0.09
AlzO: 9.42 +0.12
CaO 51.40 +0.14
MeO 2.73 +0.21
SO: 3.12 +0.07
IR 0.19 +0.09
CI 0.013 +0.007
S 0.13 +0.03

NazO 0.38 +0.02
Il2O 0.49 +0.05
TiOz 0.75 +0.05

MnzOr 0.20 +0.04
PzOs 0.05 +0.01

Traceability: The BND@ 5053 is the metrological traceable to SI units through national measurement
standards at CSIR-National Physical Laboratory (National Measurement Institute of India). All
measurements have been carried out to establish traceability through an unbroken chain of measurements
having stated uncertainty.
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Nature of Material: Non-hazardous

Homogeneity: Ten vials of BND@ 5053 were selected and homogeneity assessment was carried out within
and between these bottles as per ISO Guide 35:2017 l3l.
Instructions for Storage, Usage and Precautions for Handling:
1. BND@ 5053 should be used in controlled conditions, using calibrated equipment, by trained personnel.
2. The BND@ is to be dried at 105+5'C for two hours before use. The minimum quantity of the sample is

recommended for the analysis as given in the standard as per the standard method.
3. After drying, the material should be protected from atmospheric moisture and used immediately.

Leftover portion in a vial, if any, should not be used at a later date.
4. The material should be stored under non-humid conditions to avoid any ingress of moisture/COz.

Expiration of Certification: The certification of BND@ 5053 is valid, within the measurement uncertainty
specified, until 31't December 2026, provided the BND is handled and stored in accordance with
instructions given in this certificate. This certification is nullified if the BND is damaged, contaminated or
otherwise modified.

Maintenance of Certification: NCB will monitor the cenified values of BND@ 5053 over the period of its
certification. If substantial technical variation is observed that deviate the certified value before the
expiration of validity, NCB will notify the customer.

Disclaimer: Development of BND@ 5053 has been carried out at NCB, accredited as p€r ISO 17034:2016
[4] and testing is performed with compliance as per ISO/IEC 17025:2017 t5l. The certification of the
BND@ 5053 ie also complying to the requirements of ISO Guide 3l: 2015 [6]. However, it a.$sumes no
liability with, fespect to or for damages resulting from the misuse of any information, materi4l, eBparatus,
me$3,d19* nrocess disclosed in this certificate or any warranties with respect to the materiallsafdfy. fhe
cffii{ie6 values of the parameters given in this certificate are the best estimates of true 

"ufii',wt*rin 
tt 

"stateduncertainties. I'",,iI,, ;.:

References:
1. MS-13-2010- NCB monograph for analysis of Alkalis.
2. JCCM 100.2008- Evaluation of measuriment data- Guide to the expression of uncertainty in meas#ement
3. ISO Cuide 35:2017- Reference Materials - General and statistical piinciples for certifications.
4, ISO I?034:2016- General Requirements for the competence of Referenie Material Producers.
5. ISOil8C t'7025:2017- Generai Requirements for the competence of testing and calibration laborato.r-ies.
6. ISO Guidt3l-2015- Reference Malerials - Contents of certificate, labels u=nd uc"o.npunying documentation.

Date of Certification: 0110112022

Document Version : BND/CSIR-NPL/NCB/2 022 I I .0

Certificate issued by:

/rult" '# &
Accredited as Per

IS0 17034:2016 vide

Certificate No. RC-10 16

Dr Nahar Singh
Head, BND Division
CSIR-National Physical Laboratory
DrKSKrishnanMarg
New Delhi-110012

Amit'frivedi
Head of Centre-CQC
National Council for Cement and Building
Materials
Ballabgarh- 121004, Haryana

* In case of any query regarding this BND@ 5053 please contact Dr Nahar Singh, Head (BND Division),
CSIR-NPL (NMI of India), New Delhi-l10012.

* This certificate shall not be reproduced without written approval from CSIR-NPL, New Delhi.
* Responsibility for issue and release of this certificate lie with NCB.
For Further Information, Please Contact: National Council for Cement and Building Materials, 34 Km.
Stone, Delhi-Mathura Road (NH-2), Ballabgarh, Haryana - 121004, India; Phone +91-129-41922391303,
+9 I -129 -224205 l, +9 I -129 -4192222; Email: ncb.cqc@gmail.com, cqcb@ncbindia.com,
nccbm@ncbindia.com: website : www. ncbindia.com
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NATIONAL COUNCIL FOB CEMENT AND BUITDING MATERIALS
Centre for Quality Management, Standards and Calibration Services

CERTIFICATE OF ANALYSIS
ORDINARY PORTLAND CEMENT STANDARD

CRM-1012M
Date: l2rH February 2018

Certificate No.: OPC/I0I2M/ 108
The Certified Reference Material CRM-I0l2M has been developed by National Council for Cement and Building Materials
(NCB), India, fbr evaluating proficiency o1'analysts, evaluating/cornparing various test methods and calibration of equipment fbr
anal5'zing minor constituents, for analysis of Ordinary Portland Cement and material of similar matrix. This CRM-I0l2M is
packed in 4 sealed vials, each containing approximately 5g of powdered Ordinary Portland Cement.
Traceability' Certified Value and Uncertainty: The CRM-1012M is metrologically traceable to SI units of measurement.
Dach constituent has been analysed as g/g of the total material and reported in percent. The certified value and expanded
uncertainty of each constituent, estimated with known sources of bias, is given below:

CONSTITTIF],NT CERTIFIED VALI.IE
(PERCENT BY WEIGHT)

EXPANDED TINCERTAINTY
(Coveragc Factor k=2)

LOI 2.51 r0.07
SiOz 20.81 +0.24

FezO: 4.30 *0.06
AlzO: 4.59 r0.08
CaO 59.94 J.0.23
Meo 4.34 r0.20
SO: t.87 +0.03
IR 2.23 +0.06

NazO 0.44 +0.03
K:O 0.5 7 +0.03

Mn:O: 0. r0 *0.014
TiOz 0.25 r0.01

CI 0.032 +0.004

The expanded uncerlainty of the certified value for a constituent is estimated according to the Guide to the expression of
Uncerlainty in Measurement (GUM) at95.45o confidence level. The uncertainty includes the measurement variability among
the participating laboratories and material inhomogeneity, Iatter controlled through statistical means. The value listed for LOI,
SiO:, Fe:O:, AlzO:, CaO, MgO, SO:, IR, NazO, K:O and Cl is the best estimate of the true value based on the inter-laboratory
comparison (lLC) results of i7 laboratories, and for minor constituents, it is based on the results of analytical programme
carried out in three NCB laboratories. The analysis of major constituents, alkalis and Cl has been carried out as per
IS 4032: 1985. Estimation of MnzO: and TiOz has been done as per IS 12423:1988.

Instructions for Use:
I. CRM shor"rld be used in controlled conditions. using calibrated equipment, by trained personnel.
2. The CRM is to be dried at l05t5oC lor lrvo hours before r:se.
3. Alier drying" the nlaterial should be protected iiom almospheric moislulc anci usecl irrnrecliatciv. Leftor,.ci p6rti6n in a vial. iI.

an1, should rrot be used at a later date.
4. The material should be stored under non-lrumid conclitions to avoid any ingress o1'nroisture/COz.
5. Ilecord of usage of CRM and the results rnust be maintained.

Nature of Material: Non-hazardous

Expiry Date of CRM: This CRM-I0I2M with all its values and r-rnceftainty is developed in February 20I8 and valid upto
3l't January 2023 in sealed condition. The CRM will be monitored over the period of its certification.
Certification: NCBhasprovidedonlyonesetofmaterial againsttheCertificateNo.mentionedatthetop.

frffggx-:'{tl.'ffi r:9,VEryiry q;'
\l',',

Date of releaset OLl,Ag ^ | B

II
Dr. S K Breja

Joint Director & Head
Centre for Quality Management,

Standards and Calibration Services

For Further informatiort, please contact'National Council for Cement and Building Materials,
34KM Stone, Delhi Mathura Road (NH-2), Ballabgarh-121004, phone: 0129-2242051,4192222,4192239 (D)

Fax:0129-2242100, E-mail: cqcb@ncbindia.conr; ncb.cqc@gmail.com, website: www.ncbindia.com
* This certificate shall not be reproduced u,ithoul \)ritten approval Jiom NC B
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Abstract: In this quality control study, four samples of Portland cement from four Sudanese factories (Atbra, Barbar, Sakhar 

and Elshamal) were subjected aiming to assess the percentage of mainly oxides in the Portland cement. The study revealed that 

the percentages of minerals oxides; Calcium oxide, Silicon dioxide, Aluminum oxide, Ferric oxide and Magnesium oxide of 

the four factories were in the specified limit of quality control according to the American Society for Testing and Materials - 

Cement (ASTM C150). 

Keywords: Portland Cement, Limestone, EDTA, Clinker 

 

1. Introduction 

Cement is a major industrial commodity that is 

manufactured commercially in over 120 countries. [1] Mixed 

with aggregates and water cement forms the ubiquitous 

concrete is used in the construction of buildings, road, 

bridges and other structure. In countries even where wood is 

in good supply concrete also features heavily in the 

construction of residential buildings. In fact twice as much 

concrete is used in construction around the world than the 

total of all other building materials. [2] There is huge 

requirement of cement in construction work all over the 

world. The quality of cement as per standard specification is 

very important for the cement manufacturing industries as 

well as for the civil construction industries for making solid 

and long life structure. The main constituent of the cement 

and clinker is calcium oxide (CaO) which is the major factor 

for cement quality. [3] 

Cement is a defined chemical entity formed from 

predetermined ratios of reactants at a fairly precise temperature. 

Ordinary Portland cement results from the calcination of 

limestone and silica in the following reaction; [3] 

 

Limestone Cement carbon dioxide 

In addition to gypsum (CaSO4.2H2O), the cement 

composed of some minerals oxides; Lima (CaO), Silica 

(SiO2), Alumina (Al2O3), Magnesium oxide (MgO) and ferric 

oxide (Fe2O3). Because of the complex chemical nature of 

these oxides in the cement industry, they have shorthand (C, 

S, A, M and F respectively) are used to denote the chemical 

compound. [4, 5] 

Cements consist of different materials and are statistically 

homogeneous in composition resulting from quality assured 

production and material handling processes. Portland cement 

clinker is made by sintering a precisely specified mixture of 

raw materials (raw meal, paste or slurry) containing 

elements, usually expressed as oxides, CaO, SiO2, Al2O3, 

Fe2O3 and small quantities of other materials. The raw meal, 

paste or slurry is finely divided, intimately mixed and 

therefore homogeneous. [6] 

Ability to calculate compositions of cements in terms of 

the amounts of the main compounds present provided a 

valuable new tool for explaining, or predicting, differences in 

engineering performance among Portland cements. The 

ability to calculate the amounts of the major compounds in a 

clinker or cement had important implications. [7] 

One of the analytical techniques to determine calcium 

oxide is complexometric titration with EDTA. The method 

uses a very large molecule called EDTA which forms a 

complex with calcium and magnesium ions. [3] A blue dye 

called Eriochrome Black T (EBT) is used as the indicator. 

This blue dye also forms a complex with the calcium and 

magnesium ions, changing colour from blue to pink in the 

process. The dye–metal ion complex is less stable than the 

EDTA–metal ion complex. For the titration, the sample 
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solution containing the calcium and magnesium ion reacts 

with an excess of EDTA. The indicator is added and colour 

changes to blue as all the Ca
2+

 and Mg
2+

 ions present are 

complexed with the EDTA. The main reaction is:  

 

2. Materials and Methods 

2.1. Sample 

30g of Portland cement from each cement factory of study 

factories were obtained and subjected to studied and 

analyzed. 

2.2. Chemicals and Reagents 

� Concentrated hydrochloric acid. 

� Ammonium nitrate, Ammonium chloride, Ammonium 

oxalate and Ammonia solution. 

� Methyl red indicator. 

� Buffer solution (pH =4) and Buffer solution (pH=10). 

� Salicylic acid. 

� Ammonia solution. 

� EDTA. 

2.3. Equipments and Apparatus 

� Sensitive balance. 

� Furnace. 

� Beakers. 

� Measuring cylinder. 

� Volumetric flask. 

� Ash less filter papers.  

� Crucible. 

� Burette. 

� Funnel. 

2.4. Determination Procedures of Oxides 

2.4.1. Determination Procedure of Silicon Dioxide (Silica) 

1g of cement for each sample was weighted in 100 ml 

beaker, 10 cm
3
 of concentrated hydrochloric acid was added 

to it and then was heated on electric hotplate to dryness (in 

hood). Another 6 cm
3
 of the acid and 30 cm

3
 of distilled 

water were added respectively, the mixture was heated at 

boiling point.  

The hot solution was filtered through ash less filter paper, 

the precipitate was washed with 30 cm
3
 of hot distilled water 

(the filtrate was kept to estimate the iron and aluminum). The 

precipitate and filter paper was conveyed to clean and 

weighted crucible. The crucible and its contents were burned 

to 800°C for 50 minutes and the crucible was leaved to cool 

in the dryer and then was weighted it. 

Calculation: 

Percentage of silicon oxide = 
�������	
���

�������	
����
�  %100 

 

2.4.2. Determination of the Combined Oxides (Al2O3 & 

Fe2O3) 

The filtrate remaining after precipitation of silica was 

diluted to about 200ml in a beaker; 2g of ammonium chloride 

was added and drops of methyl red indicator, was heated to 

boiling. Ammonia solution was added gradually until the 

color turns to yellow. The beaker was leaved for 10 minutes. 

The solution was filtered through ash less filter paper, the 

precipitate and filter paper was washed with ammonium 

nitrate solution 2% (the filtrate was kept to estimate the 

calcium ions). The precipitate and filter paper was conveyed 

to clean and weighted crucible. The crucible and its contents 

were burned at 800°C for 50 minutes, the Crucible was 

leaved to cool in the dryer and then was weighted to 

determine of combined oxides. 

Ferric oxide percentage: 

1g of cement was weighted in a 100 ml beaker, 5 cm
3 

of 

concentrated hydrochloric acid was added to it, was steered 

well until disappearing of the green color then 10ml of 

distilled water, the solution was transferred quantitatively to 

100 ml volumetric flask, then was purred in a beaker and 

leaved to settle down. 20ml from the clear solution was 

pipette in volumetric flask; 5ml buffer solution and 1ml of 

salicylic acid was added. The mixture was titration against 

standard EDTA solution (0.01M) until the end point. The 

titration was repeated until two consecutive reading that 

equal. From titration, number of moles and weight in g were 

calculated and then the percentage was calculated. 

Aluminum oxide percentage: 

Aluminum oxide percentage = combined oxides percentage  

–ferric oxide percentage. 

2.4.3. Determination of the Calcium Oxide Percentage 

The filtrate remaining after precipitation of Iron III and 

Aluminum III was acidified, and heated to boiling. By 

measuring cylinder 40ml of hot ammonium oxalate 4% was 

added and ammonia solution was added gradually until the 

color turns to yellow. The beaker was leaved for 10 minutes. 

Then the solution was filtered through ash less filter paper; 

the precipitate and filter paper was washed with ammonium 

oxalate solution 0.1%. The precipitate and filter paper was 

conveyed to clean and weighted crucible, the crucible and its 

contents was burned at a temperature of 550°C for 50 

minutes. Then The Crucible was leaved to cool in a dryer and 

then was weighted. 

Calculation: 

Percentage of calcium Oxide= 
�������	
���

�������	
����
�  %100 

2.4.4. Determination of Magnesium Oxide 

50 ml was pipette from the filtrate remaining after 

precipitation of CaO to conical flask and drops of indicator 

was added and 10 ml of buffer solution was added then 10 ml 

of ammonia solution was added after that the mixture was 

titrated against standard EDTA solution (0.01M) until the 

endpoint. The titration was reading three times or until two 
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consecutive reading that equal or agree within 0.1 cm 

difference. From titration, number of moles and weight in g 

were calculated and then the percentage was calculated. 

3. Results 

Four samples of portal cement were collected from four 

Sudanese factories and then were subjected to analysis 

processes and the oxides percents were determined. The 

Silicon dioxide, and Calcium, Aluminum, Magnesium and 

Ferric oxide percentage and the limits of quality control 

standard were illustrated in table 1. 

Table 1. The percentages of four oxides detected in study samples. 

Factory SiO2 CaO Al2O3 MgO Fe3O2 

Atbara 20.54% 62.73% 4.44% 2.94% 3.68% 

Barbar 21.15% 63.78% 5.00% 2.16% 3.24% 

Elshamal 21.65% 65.02% 5.11% 1.87% 3.01% 

Sakhr 20.11% 60.44% 4.93 2.8% 3.85% 

ASTM C150 19 – 23% 61 – 67% 2.5 – 6.0 0 – 5.0% 0 – 6.0% 

P value 0.442 0.263 0.077 0.092 0.659 

P =probability value 

The variation of different brands of five oxides which were 

determined in four samples from Sudanese factories were 

represented in figures 1, 2, 3, 4 and 5. 

 
Figure 1. The percentages of silicon dioxide in four samples. 

 
Figure 2. The percentages of calcium oxide of five factories. 

 
Figure 3. The percentage of aluminum oxide of study samples. 

 
Figure 4. The magnesium oxide percentage of five factories. 

 

Figure 5. The percentage of ferric oxide of four factories. 

4. Discussion 

The proper lime content is limited due to the lower early 

strength produced when lime content of ordinary Portland 

cement is too low and unsoundness when it is too high. [8] 

our study revealed that the calcium oxide percentage in 

Sakhar factory was slightly low comparison with other 

factories, however all percentages of calcium oxide in four 

samples were in the normal range according to the American 

standard of Portland cement (p = 0.263). High lime content is 

associated with early strength whereas slightly lower content 

of lime favors ultimate strength which develops gradually 

over a long period time. 

By using the American standard limit of silicon dioxide in 

Portland cement as cut off point, the present study showed 

that all the factories samples with in specified limit and there 

is no variation in the different brands. 

The study was represented the aluminum oxide of Atbra, 

Barbar, Elshamal and Sakharas 4,44%, 5.00%, 5.11 and 

4.93%respectively and all these values were in the standard 

limit of ASTM C150. 

Due to high magnesia in cement may be detrimental to the 

firmness of the portal cement, so that amount of magnesia 

must not exceed 2% especially at late ages. [9] The study 

showed that the magnesium oxide of four samples within the 

specified limit (0 – 5.0%) of the ASTM C150 and there was 

no significant difference between percentages of all samples 

(p = 0.0658). 

Ferric oxide amount was found in specified limit of ferric 

oxide acceding to the united state standard for Portland 

cement. Variations in chemical constituents affect the cement 
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properties like, hardening, setting time, corrosion resistance 

color, etc. [10] Possible and potential source of error in 

testing might be grade of chemicals, and preparation of 

reagents and accuracy of method performance which depends 

on the investigator proficiency. 

5. Conclusion 

The study compares the quality of different oxides of 

Sudanese Portland cement factories. The percentage of 

Silicon dioxide, Calciumoxide, Aluminum oxide, Ferric 

oxide and Magnesium oxide were calculated in according 

with united state standard. All the values were found in the 

specified limit of the standard. 
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