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Abstract Review History
Reactive Powder Concrete (RPC) is recognized as one of the most innovative types of Received: Nov 13, 2024

concrete, notable for its exceptional strength and durability. This type of concrete is composed of Revised: Feb 16, 2025

essential components such as cement, silica fume, quartz powder, silica sand, superplasticizer, Accepted: Mar 11, 2025

and water. Due to its superior mechanical properties, RPC is widely utilized in specialized Keywords
projects and structures that require outstanding strength and durability. However, the high cost of
its components, particularly quartz powder, significantly increases the overall production cost,
limiting its widespread application in larger, cost-sensitive projects. Quartz powder is scarce in
the Azerbaijan region of Iran and is often sourced from mines in Hamedan and Isfahan. By Diatomite Powder
replacing it with more locally available, affordable materials, final production costs can be Compressive Strength
reduced. To address this issue and optimize the use of available resources, the possibility of Tensile Strength
substituting quartz powder with local, cheaper, and more accessible materials has been explored.

Micronized quartz powder is crystalline, though some of its finer particles have a minor

pozzolanic effect. In contrast, diatomite powder, which contains both amorphous and crystalline

particles with a high percentage of amorphous silica, exhibits significantly greater pozzolanic

activity. These enhanced reactions contribute to the formation of a denser and stronger concrete

matrix, improving its mechanical properties. The purpose of this study was to investigate the

feasibility of replacing quartz powder with diatomite powder in different proportions—

specifically 25%, 50%, 75%, and 100%. The goal was to evaluate how this substitution affects

the concrete's strength while also reducing overall production costs. In this research, concrete

samples were tested at various curing ages, including 7, 14, and 28 days. Mechanical tests such

as compressive strength and tensile strength were conducted to assess the effects of the

substitution on the concrete's performance. Additionally, parameters such as standard water

absorption, water absorption during curing, density, and consistency were measured. To simulate

real-world construction conditions and avoid the use of specialized equipment, the samples were

cured in a water tank at 25°C. This curing method not only eliminated the need for expensive

equipment like autoclaves but also made the concrete more applicable to typical site conditions,

further lowering production costs. The test results were promising. The strength of the modified

concrete mixtures improved significantly when diatomite powder replaced quartz powder. In

samples where 100% of the quartz powder was substituted with diatomite, the compressive

strength increased from 543 MPa to 806 MPa (approximately 49%), and the tensile strength

increased from 543 MPa to 806 MPa (approximately 18%) at 28 days. In addition to the

improvements in mechanical properties, the use of diatomite powder offers significant economic

advantages. Diatomite is abundantly available in various regions, and its accessibility reduces

both production and transportation costs. As a result, the overall production cost of the concrete

is significantly lowered, which is especially beneficial for large-scale construction projects where

cost efficiency is critical. In conclusion, replacing quartz powder with diatomite powder is a

Reactive Concrete Powder
Quartz Powder

practical solution that brings both technical and economic benefits. The enhanced strength of the
concrete, coupled with reduced production costs and the efficient utilization of local resources,
makes this approach a practical and effective method for producing high-performance concrete.
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Fig. 1. SEM images of the surface of diatomite particles [5].

Montmozillonite M
Quartz Q

c Calcite e

[6] <o s5ls g1 » XRD (551 .Y g
Fig. 2. XRD patterns of diatomite [6].
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Fig. 3. XRD patterns of quartz powder and silica fume [7].
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Table 1. Properties of Sufian cement of type two

Item Unit Value
Fineness (Blaine) (cm?/gr) 3230
Residue on 90 U Sieve (%) 3.86
Autoclave Expansion (%) 0.18
Le Chatelier Expansion (mm) 1.1
Initial Setting Time (min) 115
Final Setting Time (min) 185
Density (gr/cm3)  3.16
3 days Compressive Strength  (kgf/ cm?) 240
7 days Compressive Strength  (kgf/ cm?) 345
28days Compressive Strength  (kgf/ cm?) 465
L.O. 1 (%) 1.36
Calcium oxide (Ca0) (%) 64.44
Silica (Si0,) (%) 21.70
Aluminum oxide (Al,053) (%) 5.22
Ferric oxide (Fe,03) (%) 3.74
Magnesium oxide (MgO) (%) 222
Potassium oxide (K,0) (%) 0.58
Sodium oxide (Na,0) (%) 0.22
Chloride lon (CI) (%) 0.010
Others (%) 0.51
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Table 5. Properties of silica sand of Qumtapeh

Item Unit Value
Density (gr/cm3)  2.63
SSD water absorption (%) 0.7-1
Size (mm) <0.6
Color - Gray
Moisture (%) 0.2
Silica (Si0,) (%) 61.84
Aluminium oxide (Al,053) (%) 15.20
Magnesium Oxide (MgO) (%) 1.32
Ferric oxide (Fe,03) (%) 3.92
Calcium Oxide(Ca0) (%) 3.51
SO, (%) <0.05
Na,O (%) 4.83
K,0 (%) 3.53
MnO (%) 0.08
FeO (%) 0.43
Fes04 (%) 1.37
BaO (%) 0.11
Fei (%) 3.73
L.O. 1 (%) 3.36
P05 (%) 0.19
TiO, (%) 0.69

ot g e Al SYTabe b s s OF Odas 4 O
Odre 3l o by 39 A (gl S o le&_wl J=t
= S o3l YO e kS) Ol e (35 53 Oliee a5
3l ey Odme 53 35 90 G $3ls Lol esli ol (a8l 5
5y (e S VO) Yo o as S 51 Oaobn 5 ouais
LS ol atle sladisal 3 5y yo s Q)ygghﬁjo.m
Ol 1 O b 5 Kb Slasiin (%) Jyd .Conlazs
"LMJ"

ﬁjga_gf}_"eo.x_ujh;w_wb)j_»wu:mlywb
©) sl 3 0T Laloesd 5 (o Dlaasiiie S o ol s
Al (F) JSe sllas 50 0T (guwails . Cslods S3

Lol €08 o 5308 0500 P00 SISl e ) (Slasls aen
03, Ko Yoo SIS (6308 e Odme ol il slaaS s
L e e oo (s s s 505 llae 3L oo & slie
o s S (G55 amwls 180 50 5, T 6 s ST 3l asls /)0

CM‘Q.\JL& O

AY

mu): Slasin Y JJJ’
Table 2. Properties of the silica fume

Item Unit Value
Shape - Amorphous
Particle shape - Spherical
specific gravity (kg/ m?) 400-600
specific surface area (m2?/kg) 20000-25000
Colour - Gray
Size (nm) 229
Silica (Si0,) (%) 96.4
Aluminium oxide (Al,053) (%) 1.32
Magnesium Oxide (MgO) (%) 0.97
Ferric oxide (Fe,03) (%) 0.87
Calcium Oxide(Ca0) (%) 0.49
Carbon (C) (%) 0.3
SO; (%) 0.1
Sodium oxide (Na,0) (%) 0.31
Potassium oxide (K,0) (%) 1.01
H,0 (%) 0.08
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Table3. properties of Quartz powder

Item Unit Value

Density (gr/ cm®) 2.68

Shape - Crystalline

Colour - White

L.O.1 (%) 0.28

Calcium oxide (Ca0) (%) 0.7
Silica (Si0,) (%) 96.6
Aluminum oxide (Al,03) (%) 0.23
Ferric oxide (Fe,03) (%) 0.03
Magnesium oxide (MgO) (%) <0.1
Potassium oxide (K,0) (%) 0.02
Sodium oxide (Na,0) (%) <0.1
SO; (%) 0.04
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Table 4. Properties of Diatomite powder

Item Unit Value
Density (gr/cm3) 221

Colour - White

L.O.1I (%) 3.04

Calcium oxide (Ca0) (%) 0.98
Silica (Si0,) (%) 90.4
Aluminum oxide (Al,03) (%) 2.15
Ferric oxide (Fe,03) (%) 0.71
Magnesium oxide (MgO) (%) 0.64
Potassium oxide (K,0) (%) 0.2
Sodium oxide (Na,0) (%) 0.45
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Table 6. Properties of the superplasticizer 2 Eg
wn
Colour yellow g 40 34
Physical state Liquid § -
Density 0.02(gr/ cm®)=£1.1 ig 0 06
Chloride content <15% 0
Na,O <0.1% pan No0.100 No.50 No0.30 No.16
PH 5.7 Sieve no.
Prar o anle ghoails s ¥ S
Fig. 4. Granulation curve of the used Silica sand
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Table 7. concrete mix-ratios for the types of samples
Item N DP0 DP25 DP50 DP75 DP100 DP75-R DP100-R
Water/Cement ratio 026 026 026 0.26 0.26 0.273 0.293
Water/Cementitious material ratio 0.185 0.185 0.185 0.185 0.185 0.195 0.209
Cement kg/m3 750 750 750 750 750 750 750
Silica fume kg/ m® 140 140 140 140 140 140 140
Silica sand kg/m® 860 860 860 860 860 860 860
Diatomite powder kg/m® 0 40 80 120 160 120 160
Quartz powder kg/m® 160 120 80 40 0 40 0
Water kg/m® 195 195 195 195 195 205 220
Super-plasticizer kg/m® 28 28 28 28 28 28 28
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Fig. 5. Flow table test results for RPC samples
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Fig. 8. Comparing the compressive strength of the samples with

75 and 100% diatomite powder replacement instead of quartz
powder, before and after correction of consistency of Concrete
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Table 8. Compressive strength of RPC samples at different curing times

The compressive strength (MPa)

Concrete mix-ratios

7 days 14 days 28 days

DPO 345 520 543

DP25 491 576 632.5

DP50 558 661 682

DP75 722 745 765.5

DP100 758 788 806

DP75-R 559 633.5 754

DP100-R 615 693 811.5
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Fig. 7. Compressive strength of RPC samples at different curing times
o Sl 3 SOl doss (I L (V) IS Gl

Glade>e LB &) g 4 e o (gL Canslie 51 S 3 gl
Laas gl o 1581 L LACJ_la eled 3 emen s 215
ASGH b 4 sl Ll dald 4 ses 4 S ()LAS e glin
i YA VPV Gla s o3/ e LDP100 & se
S (L28 Caglio 58l Aoy YA/Y 5 0V/0 MVANY 5 5
Ol a5 25 8 s Ol g5 o Jls5ed ol 51305 (DPO) dalis o

13 3 5ol 3 Sl 4 e sl o S



VE-F Jls 0 oyleds YO 0)9

e Olyes (gwiige (sele Al

SRR 5 RS gl Jpans s sb 4 bk ge e 13
Sols

el /ey L DP100-R s sei 3 (Vo) i olkas
s ooy YA S VYV i 55 50158 sog lra S sl oy
oalsl BLisl 23S Coaglie b5l Aoy VA 5 VY OYY L s
N e 53 DPO by los = b 258 Canslie 4 ax 5 L oo
VY Ceslin 3l 5 uliess, Vi8S Cglie s, YA 5 VY
ol ol s 4 TT0 sla i ol o bl il o 035, YA
Ca 5l 53 D3 S el OF ol ) s ool 508
Sl 5038 Ol s a Il 3 1 OF 515t M
O alblyden (Gla ESTy s Caslosls 288 |y Sless 3150 4
iles ;S 1y Jbt slaliad 5 o3 500 iy Wadlis S 5 b i
030l Cn 53bs O3 5 el > o Ol oISt &S
DPO (1o lo 28 Cuglie oS 550 0 ala>De (il by sl
TV S als g5l Ol 55,V —ee 3 DP100
o il aeds YA 5V F i s Ll clostsl BList il 5l
NOPNAVASPIVA | JES

Olgme am o 0393 ( 2S1y (3 1 S s O
0355 Sd en dalld i 3 e 35l 25 68 OV S
e 53 dald n Caglis 5 Llodd Jas 355 U b b
S ol pls ol ol 8l L0395 YA 5055,V
FoIsS sos Sl & ool o gy Kl b Zuslie )5
YA 5350\ Glajes 53 Js cl il A i, Ve 3
Al e VA SIYY 5w s S3aS ) hilea o3,
ASTM 3,1kl b o ol —F-0

ASTM C1585 s |kl 5b Laialesl 5l cend opl 53
YOr 50T e 48 ol 5L 3550 0505 YA 2 o g
3l 5 5 S e S A 50T 055 L omnSle e sl
Sl Sl wvﬁﬁj Sl b g edaline LB slas 5
s oies YA laas sad i 055 AL el Jrlesl cnl pl]
We TN e glos basl ot € gas pskie cpl a8 T e
S a0 ged el VY 5l dny 5 sl oals 13 51 S Sl 4o
4 el a3l 035 & S O 035 ST 3 50e 35 5 ol 051

B9 s o S 05 ol ASL Al Ao s /0 1 eSS (g s

AY

6)}1}-‘*-" alie i 53 ba gl EiSCalis A J g
Table 9. Tensile strength of RPC samples at different curing times

The Tensile strength (MPa)

Concrete mix-ratios

7days 14 days 28 days

DPO 25.96 52.71 59.24
DP25 40.92 60.51 62.10
DP50 51.91 60.83 63.69
DP75 53.18 61.46 65.61
DP100 55.10 64.65 70.06
DP75-R 40.45 50.96 55.73
DP100-R 56.69 59.24 62.42
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Fig. 9. Tensile strength of RPC samples at different curing times
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Fig. 10. Comparing the tensile strength of the samples with 75 and
100% diatomite powder replacement instead of quartz powder,
before and after correction of consistency of concrete
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