S.I. Zeghina,

M. Bounouala, Dr. Sc. (Tech.), Prof.,
M. Chettibi, Dr. Sc. (Tech.), Prof.,
A. Benselhoub, PhD

https://doi.org/10.33271 /nvngu/2020-2/107

Laboratory of Valorization of Mining Resources and Environ-
ment, Badji Mokhtar University, Annaba, Algeria, e-mail:
sara_imane@ymail.com

DEVELOPMENT OF NEW COMPOSITE CEMENT BASED ON WASTE ROCKS
FROM DJEBEL ONK PHOSPHATE DEPOSIT (TEBESSA-ALGERIA)

Purpose. The main purpose of our research work involves the characterization and environmental management of waste rocks
from Djebel Onk phosphate deposit. We propose a valorization of this product as an addition to cement manufacturing technique
(the development of a new composite cement based on waste rocks of Djebel Onk phosphate deposit).

Methodology. A comparative study was conducted on the physical and mechanical parameters of the composite cement based
on phosphate waste rocks with cement without additions (CWA) and other cements based on pozzolan and the blast-furnace slag
additives. These additives make, respectively, at mass contents of 5, 10, 15, 20, 25 and 30 % for each addition.

Findings. The studies and tests conducted have enabled us to deduce that it is clear that the use of phosphate waste rocks as an
additive in the manufacture of cement gives better compressive strengths compared to other additives. Thus, this study has shown
that it is possible to incorporate a considerable amount of phosphate waste rock from Djebel Onk deposit in the cement.

Originality. It becomes possible to reduce the amount of phosphate waste rocks of Djebel Onk for cost-effectiveness and

eliminate their impact from the environmental point of view.

Practical value. The reuse of waste as an alternative raw material in building materials is a promising environmental solution.
This way of valorization reduces large quantities of tailings and thus their environmental impact, as well as contributes to the pres-
ervation of non-renewable natural resources intensively used in construction (clays, limestone, sand, and others).
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Introduction. The mining waste produced continuously by
the industrial activities is considered as major problems having
a potentially negative impact on the environment and the
economy of Algeria. The reuse of waste as an alternative raw
material in building materials is a promising environmental
solution. This way of valorization reduces a large quantity of
tailings and thus their environmental impact, as well as con-
tributes to the preservation of non-renewable natural resources
intensively used in construction (clays, limestone, sand, and
others) [1, 2].

Algeria has a significant deficit in building materials, espe-
cially cement. Facing the seriousness of environmental prob-
lems due to overexploitation of resources, the Algerian govern-
ment decided in 2001 to devote an important financial enve-
lope to achieve the objectives set out in the National Action
Plan for Environment and Sustainable Development [3].

In the context of sustainable development and, especially,
respect for the environment, cement producers were interested
in the incorporation into cement of certain industrial by-pro-
ducts, likely to develop hydraulic properties |1, 4].

The need to find different types of cheaper cement with
required physic-mechanical properties leads manufacturers to
produce cements containing secondary clinker additives (nat-
ural or industrial by-products), with more or less significant
proportions (mineral additives are widely used in order to
largely solve the problem of national self-sufficiency in ce-
ments, as well as that of the reduction of the energy cost,
thereby the clinker consumption decreases according to the
rate of additions used).

The mineral additives often used in the manufacture of ce-
ment are mainly blast furnace slag and pozzolan [5, 6], other
materials can be used as industrial waste (brick waste, marble
waste, flax waste, phosphogypsum, fibber waste). These types
of waste can be considered not only as waste but as by-prod-
ucts and a source of one or more elements of commercial value
[1].

The approach of our study involves, first of all, character-
izing the waste rocks of djebel Onk phosphate deposits, and
then establishing a comparative study between the use of this
type of waste as an addition in the production of cement and
other additions such as blast-furnace slag (a by-product of
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steel industry) and pozzolan (of natural origin) and even their
influence on the quality of the studied cement CPJ-CEM 11
42.5 (on physical parameters such as consistency, measure-
ment of setting time and mechanical parameters such as sim-
ple compression).

Characterization of waste rocks from Djebel Onk phosphate
deposit (Tebessa). Geographical location. The Algerian phos-
phate is exploited by the Phosphate Mining Company (SOMI-
PHOS) subsidiary of FERPHOS by the open pit method. This
raw material is used largely for the manufacture of fertilizers
and phosphoric acid. The Djebel Onk phosphate deposit is
situated in Bir El-Ater about 100 km from Tebessa.

Characterization of phosphate waste rocks. The chemical
and mineralogical composition of phosphate waste rocks is
determined by using X-ray fluorescence and X-ray diffraction,
respectively.

Chemical characteristics. The chemical analysis of the
phosphate waste rocks of the different size fractions was car-
ried out using a series of sieves nested on each other, whose
opening dimensions are decreasing from top to bottom. Ta-
ble 1 and Fig. 1 present the chemical analysis of particles size.

According to the chemical analysis data (Fig. 2) we note
that the waste rocks contain all the elements found in lime-
stone and clay (CaO, MgO, and SiO,) However, limestone
and clay do not contain P,Os. The phosphate waste rocks con-
tain a very low P,Os content so it is considered as a P,Os poor
material.

Mineralogical characterization. From Fig. 2 we see that the
mineralogical composition of the original sample includes the
following minerals: quartz, carbonate fluorapatite, albite,
montmorillonite, orthoclase, dolomite, and calcite. However,
it is noted that peaks of quartz, calcite and dolomite have a
high intensity and are well expressed, which makes their iden-
tification easier.

Experimental part. In this work, we used the cement clin-
ker of Ain Touta, the blast-furnace slag from El-Hadjar steel
complex-Annaba(NE of Algeria), the pozzolan (a natural
pozzolan of volcanic origin extracted from the Bouhamedi de-
posit located south of Beni-Saf-Ain Temouchent (NW of Al-
geria), and the phosphate waste rocks from Djebel Onk phos-
phate deposit. Gypsum as a fundamental additive in the ce-
ment is of local origin, we maintained a dosage of 4 %, for all
the prepared cements for the following reasons:
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Table 1

Chemical composition of the phosphate waste rocks

contents P,0s CaO MgO SiO, Fe,0; K,O Na,O SO; CI LOI

(%) 1.69 28.04 14.39 25.28 0.88 0.25 0.31 0.18 0.017 28.70
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Fig. 1. Evolution of the contents of the major constituents ac-

cording to the different particle size of phosphate waste
rocks
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Fig. 2. X-ray diffraction spectrum of the initial sample of phos-
phate waste rock

- the quality of the gypsum is average;

- not to hide the influence of the additive content on the
mechanical properties of the cement;

- to regulate the setting.

The chemical composition of the raw materials is given in
Table 2.

Mineralogical composition of clinker. Based on certain hy-
potheses, Bogue (1929) developed a method that allows know-
ing the potential composition of main minerals (C;S, C,S,
C;A and C,AF) of a clinker, or cement from its chemical com-
position.

The numerical values of the mineralogical composition
are given in Table 3.

- C5S = 4.07[CaO (T) — CaO (L)] — 7.6 (SiO, — RI) -
—1.43Fe,0; - 6.72A1,0;

- C,S =[2.865(SiO, - RI)] - [0.754C,S].

- C3A =[2.650A1,0;] — [1.692Fe,0;]

- C4AF = 3.04F6203.

RI=0.21

mixtures for each type of addition (phosphate waste rocks,
slag, pozzolan) and a control sample (CWA).

The starting mixtures are prepared according to the fol-
lowing proportions:

- Mixture 1: Portland cement without added (96 % clin-
ker + 4 % gypsum + 0 % additive), is named CWA (CPA).

For phosphate waste rocks addition CPWR:

- Mixture 2 : 91 % clinker + 4 % gypsum + 5 % waste
rocks), is named CPWRS;

- Mixture 3 : 86 % clinker + 4 % gypsum + 10 % waste
rocks), is named CPWRI10;

- Mixture 4 : 81 % clinker + 4 % gypsum + 15 % waste
rocks), is named CPWRI15;

- Mixture 5 : 76 % clinker + 4 % gypsum + 20 % waste
rocks), is named CPWR20;

- Mixture 6 : 71 % clinker + 4 % gypsum + 25 % waste
rocks), is named CPWR25;

- Mixture 7 : 66 % clinker + 4 % gypsum + 30 % waste
rocks), is named CPWR30.

For the pozzolan addition CP:

- Mixture 08 : 91 % clinker + 4 % gypsum + 5 % pozzolan),
isnamed CP5;

- Mixture 09 : 86 % clinker + 4 % gypsum + 10 % pozzo-
lan), is named CP10;

- Mixture 10 : 81 % clinker + 4 % gypsum + 15 % pozzo-
lan), is named CP15;

- Mixture 11 : 76 % clinker + 4 % gypsum + 20 % pozzo-
lan), is named CP20;

- Mixture 12 : 71 % clinker + 4 % gypsum + 25 % pozzo-
lan), is named CP25;

- Mixture 13 : 66 % clinker + 4 % gypsum + 30 % pozzo-
lan), is named CP30.

For the blast-furnace slag addition CS:

- Mixture 14 : 91 % clinker + 4 % gypsum + 5 % slag), is
named CS5;

- Mixture 15 : 86 % clinker + 4 % gypsum + 10 % slag), is
named CS10;

- Mixture 16 :
named CS15;

- Mixture 17 :
named CS20;

- Mixture 18
named CS25;

- Mixture 19 :
named CS30.

Physical characteristics of the cement paste. Consistency.
The consistency to admit for having a good mortar is the quan-
tity strictly necessary to obtain a plastic paste. The consistency

81 % clinker + 4 % gypsum + 15 % slag), is
76 % clinker + 4 % gypsum + 20 % slag), is
171 % clinker + 4 % gypsum + 25 % slag), is

66 % clinker + 4 % gypsum + 30 % slag), is

Table 2
Chemical composition of materials by X-ray fluorescence

Si0,% | Ca0% | MgO % | Fe,0,% | AL,O;% | Cl% K,0% | Na,0% | SO;% | P,0s% | LOl%
Clinker 20.8 67.1 1.52 3.47 5.05 0.01 0.78 0.30 0.54 0.27
Gypsum 8.1 34.1 3.32 1.11 3.06 0 0.58 0.04 39.5 10.0
Slag 54.3 10.9 2.69 12.3 0.02 3.42 0.0 0.56 15.0
Pozzolan 37.8 14.9 2.69 14.39 15.4 0 1.29 1.70 0.56 17.8
Waste rocks 25.2 28.04 14.39 3.41 0.017 0.25 0.31 0.18 1.69 28.70
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Table 3
Clinker mineralogical composition
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Fig. 3. Variation of the water quantity according to additional
rate

of the cement is necessary to determine the start and end times
of setting.

Corresponding to the reading of the histogram (Fig. 3), it
is noted that the increase in the percentage of slag addition in
the cement decreases the amount of water; on the other hand,
the water quantity increases with the rise in the rate of the
phosphate waste rock additive and pozzolan.

The variation of the decrease and the increase in the quan-
tity of water is not the same when phosphate waste rocks, poz-
zolan and slag are added.

Table 4 indicates that the change in normal consistency is
consistent with the Algerian standard requirements NA 229 [7]
for all types of studied cements. For phosphate waste rocks and
pozzolan additives the consistency is proportional to the addi-
tion rates; the more the addition rate increases, the more the
consistency increases.

Setting time. The setting time corresponds to the passage
of the paste or cement mortar from the fluid state to a more or
less consistent state (mechanically resistant solid), measure-

ments carried out using the Vicat apparatus. The results of
tests are illustrated in Figs. 4, a, b and c.

Based on Figs. 4, a, b and ¢ we can say that: all the studied
cements with additives have a setting time in accordance with
Algerian standard requirements NA 442 [8], which imposes a
minimum setting time of 60 minutes for the cement class CPJ-
CEMII/A or B 42.5.

Tests of mechanical compressive strengths: mechanical re-
sistance studies on pressure are performed by the Blinder me-
chanical strength device.

The study is summarized to calculate the mechanical re-
sistance to simple compression, varying the percentages of the
additions from 5 to 30 % with a step of 5 %, and respecting the
Algerian standard requirements NA 234 [9] of composed Port-
land cements of the class (42.5).

In all tests, the Water/Cement ratio is maintained and
equal to 0.5. Concerning the storage conditions, the test pieces
were stored in a storage room at controlled temperature and
humidity (7=20 °C + 1 °C, H =95 %) until the day of mea-
surement (2, 7 and 28 days).

The mortars are composed of: 1350 g of normal dry sand
(from the Leucate region (France) with an extra fine quartz,
225 ml of water and 450 of cement they were prepared and
poured into prismatic moulds of dimensions (4 x 4 x 16 cm) at
the rate of six test pieces per test.

The results of the mechanical compression tests are re-
ported in Table 5.

The analysis of the different types of additives Figs. 5, a, b
and ¢ and Figs. 6, a, b and ¢, allows us to make the following
comments.

The mechanical resistance to simple compression of the
cement compound with different types of additives (CPJ-
CEM II/A or B 42.5), are better compared to those of cement
without additive (CWA-CEM 142.5).

With fixation of age, it is noted that the more the percent-
age of addition increases (0 to 30 %), the more the mechanical
strength to the cement compression CPJ-CEM 1I/A or B de-
creases.

All types of studied cement having resistances in accor-
dance to the requirement of the Algerian standard NA 442 [8].

The phosphate waste rocks additive confers the better me-
chanical resistance to simple compression for all ages and for

Table 4
Variation in consistency as a function of the variation in the rate of addition for all types of studied cement
Type of cement | CWA | Cement with phosphate waste rocks addition | Cement with added Pozzolan Cement with added Slag
Consistency (%) | 26.8 | CPWR5 26.4 CP5 27.2 CS5 25.8
CPWR 10 26.6 CP10 27.4 CS10 25.6
CPWR 15 27.0 CPI15 27.8 CS15 25.4
CPWR 20 27.2 CP20 28.2 CS20 24.6
CPWR 25 27.6 CP25 28.2 CS25 24.2
CPWR 30 27.8 CP30 28.4 CS30 24.0
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Fig. 4. Setting time as a function of different addition rate:

a — setting time as a function of phosphate waste rocks addition rate; b — setting times as a function of pozzolan addition rate; ¢ — setting times as
a function of slag rate addition
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Table 5

Resistance to compression as a function of age for all types of studied cements

Additive type Time Rate of addition
CWA 5 10 15 20 25 30
Phosphate waste | 2 days 25.35 31.40 30.25 29.60 29.05 27.08 22.85
rocks 7 days 39.80 44.85 43.95 42.60 39.70 38.10 37.35
28 days 50.25 54.45 53.35 52.75 50.75 49.65 48.40
2 days 27.95 27.32 27.25 25.15 25.95 21.00
Pozzolan 7 days 40.20 39.40 30.20 37.35 36.70 35.10
28 days 52.75 51.70 50.95 49.70 47.20 45.60
2 days 27.00 24.80 22.50 21.60 20.40 20.03
Slag 7 days 41.70 39.70 38.59 36.50 34.50 33.60
28 days 51.10 50.20 49.80 49.00 47.95 46.50

W 2days ®7days M28days
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N 2 days B 7 days W 28 days

Compresyive stre ngth(MPa)
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Fig. 5. Histogram showing the compressive strength as a function of age for cement with different addition:

a — the compressive strength as a function of age for a CWA cement and a cement with phosphate waste rocks additive; b — the compressive strength
as a function of age for a CWA cement and a cement with pozzolan additive; ¢ — the compressive strength as a function of age for CWA cement and

cement with blast-furnace slag additive
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Fig. 6. Age-dependent compressive strength for CWA cement and cement with different additives:

a — cement with phosphate waste rocks additive; b — cement with pozzolan additive; ¢ — cement with blast-furnace slag additive

all percentages compared with the additive of pozzolan and
slag.

Conclusion. From the results of the various tests it is clear
that the use of phosphate waste rocks as an additive in the
manufacture of cement gives better compressive strengths for
all ages and percentages compared to other additives; so this
study has shown that it is possible to incorporate a consider-
able amount of phosphate waste rock from Djebel Onk depos-
it in the cement, since it also makes it possible to provide the
cement with interesting physic-mechanical properties, even
with a percentage of additions up to 30 %.

According to the results of the tests it can be concluded
that this type of cement can be used in: reinforced concrete
usually poured on site or prefabricated rapid stripping, quick
commissioning concrete steamed or self-parboiled.
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Po3poOka HOBOro KOMNO3MIIiHOTO EMEHTY
Ha OCHOBI BigxoaiB nmopin ¢ocdarHoro
ponosuma JIxxe6eap Ok (Tebdecca-Amkup)
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Meta. OCHOBHOIO METOIO HAllOi AOCTiIHULILKOI poOOTH
€ OIMC XapaKTePUCTUK i eKOJOTIYHWI MEHEKMEHT TTOPOXK-
HboI nopoau (ocpatHoro pomosuina JIxedenp OHK. Mu
TPOTIOHYEMO BaJIOPU3ALIif0 IIBOTO MPOIYKTY SIK JTOMTOBHEHHS
JI0 TEXHOJOril BUPOOHHUIITBA LIEMEHTY (po3poOKa HOBOIO
KOMTIO3UIIIAHOTO 1IEMEHTY Ha OCHOBi MOPOXHBOI MOPOIN
¢docdarHoro pogosuiia Ixxedeinb OHK).

Mertoauka. [IpoBeneHo MOpiBHsIbHE AOCTIIXEHHS (i-
3UKO-MEXaHIYHUX BJIACTUBOCTEN KOMIO3ULIHHOTO LIEMEHTY
Ha OCHOBI (hocaTHUX BiIXOIiB TipCHKUX MOPIiL i3 IEMEHTOM
0e3 mo6asok (LIBJI) i iHIIKMX BUIIB IEMEHTY Ha OCHOBI J10-
0aBoOK i3 myl1oJaHa i JoMeHHoro 1uiaky. Lli nobaBku cra-
HOBJISITh, BiIIOBiIHO, ITpU MacoBoMy BMicTi 5, 10, 15, 20, 25
i 30 % st KOXXKHOI TOOABKH.

Pesynbratu. IlpoBeneHi mocmiikeHHs il BUIIPOOYBaHHS
JO3BOJIVJTM HAM 3POOUTU BUCHOBOK: OYEBUIHO, 1110 BUKOPUC-
TaHHS (pocdaTHUX BiIXOMiB B SIKOCTi 100aBKM MpU BUPOOHU-
LTBI LIEMEHTY Aa€ Kpallli MeXi MIilITHOCTi Ha CTUCKAHHS B TO-
PIBHSIHHI 3 iHIIMMU fo6aBKaMu. TaKuM YMHOM, 11€ TOCITiIKEH-
HsI TI0KA3aJ10, 1[0 MOHA BKITIOUUTH JI0 LIEMEHTY 3HAYHY KiJlb-
KicTb (hochaTHUX BifxXOMiB mopiz 3 ponosuiia Ixedenb OHK.

HaykoBa noBusHa. [losisirae B MOXJIMBOCTI CKOPOTUTU
KinbKicTb hochaTHux Binxonis nopif JIxedenb OHK 3 eKOHO-

MiYHOIO KOPUCTIO Ta YCYHYTH 1X BILJIMB 3 €KOJIOTTYHOI TOUKHU
30py.

IIpakTiyna 3HaYMMicTh. [TOBTOpHE BUKOPUCTAHHS BiIX0-
IiB B SIKOCTi aJIbTEPHATUBHOI CUPOBUHMU B OY/1iBEJIbHUX MaTe-
pianax € 6araToo0ilsgOUYMM €KOJOTiYHUM pillleHHsIM. Lleit
CITOCiO BaJlopu3allii 3MEHIIY€E BEIUKY KiIbKiCTh «XBOCTIB» i,
OTKe, iX BIUTUB Ha HAaBKOJIUIITHE CEPEIOBHUIIIE, a TAKOXK CTIPH-
g€ 30epeKeHHIO HEBIIHOBIIOBAHUX IPUPOIHUX PECYPCIB,
110 iIHTEHCUBHO BUKOPUCTOBYIOThCS B OYyIiBHULITBI (IJIMHU,
BaIHsK, MCOK i T.1.).

KimouoBi ciioBa: gpocghammui 6ioxodu nopio, domennuil wiaak,
nyyyoaaw, uemenm, dooasku, podosuuie ycebers Onk

Pa3pa6oTka HOBOro KOMIO3UIIMOHHOTO
IIleMEHTAa HA OCHOBE OTXOJI0B MOPO.
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Ieab. OCHOBHOI 1ie/TbIO HAIIIEl UCCIIEIOBATENbCKOM pa-
OOTEHI SIBIIIETCS OMMMCAHKME XapaKTEPUCTUK Y 9KOJOTUYCCKUIA
MEHEIKMEHT MyCTOM Mopobl (hochaTHOro MECTOPOXKICHUS
JIxxebenp OHK. MblI TipeiaraeM BaJloOpy3aliMio 3TOTO TPo-
JyKTa KaK AOTOJHEHUE K TEXHOJOTUM ITPOU3BOICTBA IIEMEH-
Ta (pa3paboTka HOBOTO KOMITO3UIIMOHHOTO IIEeMEHTa Ha OC-
HOBe IyCTOi mopoabl (ochaTHOro MectopoxaeHus [xe-
6es1b OHK).

Meronuka. [IpoBeneHO cpaBHMTENIbHOE HCClIeIOBaHUE
(pM3UKO-MeXaHNYECKUX ITapaMeTPOB KOMITO3UIIMOHHOTO Te-
MeHTa Ha OCHOBe (hocaTHBIX OTXOIOB TOPHbBIX TTOPOJI C 1ie-
MeHTOM 0e3 nob6aBok (LIB/l) u apyrux BUIOB lieMeHTa Ha
OCHOBe 00aBOK M3 MYIII0JaHa U TOMEHHOTro Iulaka. DTu
00ABKU COCTABJISIIOT, COOTBETCTBEHHO, IPU MAacCOBOM CO-
nepxanuu 5, 10, 15, 20, 25 u 30 % mist Kaxnoii 106aBKU.

Pesyabratel. [1poBeneHHBIC MCCIEIOBAHNS U UCITBITAHMS
MO3BOJIMJIM HAaM CIeIaTh BBIBOJ: OUEBUIHO, UYTO MUCIIOJb30Ba-
HHUe (ocdaTHBIX OTXOIOB B KayeCTBE ITOOABKU IPU MPOU3-
BOJICTBE LIEMEHTA JaeT Jy4Iliue Npeaesibl MPOYHOCTHU Ha cxka-
THE 10 CPAaBHEHUIO ¢ APYruMHU qo6aBKaMu. Takum obpasoM,
9TO MCCJIeOBaHME MOKAa3ajJl0, YTO MOXHO BKJIIOUUTH B 1ie-
MEHT 3HAUYMTEJIbHOE KOJMYECTBO (POCGATHBIX OTXOIOB IO-
pon ¢ MectopoxkaeHust JIxkedenb OHK.

Hayunas HoBH3HA. 3aKJTI09aeTCS B BO3MOXHOCTH COKpa-
TUTb KOJIMUECTBO (hocaTHBIX OTX0A0B ropoa xedenb OHK
C BKOHOMMYECKOI TTOJIB3011 M YCTPAHUTD UX BIUSHUE C 3KO-
JIOTMYECKOI TOYKM 3pEeHUSI.

IIpakTHyeckas 3HaYMMOCTh. [10BTOpHOE MCIIOMBb30BaHUE
OTXOJIOB B KaueCTBE aJbTePHATUBHOIO CHIPhS B CTPOUTEb-
HBIX MaTepuaiax siBJIsIeTCI MHOTOOOEIIAIOIINM SKOJOTHYE-
CKUM pellIeHHeM. DTOT Croco0 BaJlopu3alliy YMEHbIIaeT
0OJIbIIIOE KOJIMYECTBO «XBOCTOB» U, CIIEIOBATEILHO, UX BO3-
NeliCTBME Ha OKPYXKAIOLIYI0 Cpely, a Takke CIOCOOCTBYET
COXpaHEHMIO HEBO30OHOBIISIEMBIX IIPUPOIHBIX PECYPCOB,
WHTEHCHUBHO MCITOJIb3YEMBIX B CTPOMTENBCTBE (TJIMHBI, W3-
BECTHSIK, TIECOK U T.II.).

KioueBslie ciioBa: ghocgpamuvie omxodvt nopod, domeHHblil
WAaK, NYuyoaan, uemerm, 0odasxu, mecmopoycoerue /ice-
oenvb Ok
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