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This research aims to evaluate consolidation using nanoparticles in historical and
cultural stones. This, due to its different intrinsic properties, has become a serious
and needed field in most areas. The tested stone samples belong to the dadu of Sheikh
Haidar tomb tower in the meshkinshahr-Ardabil province. that is related to the
Middle Ages of the Islamic period. During the research, petrography, XRD and XRF
were performed to identify the bedrock, and the type of stone was identified in the
calcareous carbonate category, and then to identify and evaluate the effectiveness of
nanomaterials, physical resistance, aging and durability tests were performed. The
final result showed that, contrary to the notion of nanoparticles, it did not enter the
depth of the studied samples and only strengthened the surface of the stones, as a
result of which, the stone surface was separated as integrated plates and the core was
not consolidated. It went through aging cycles. However, in the persistence cycle, the
treated sample had more resistance than the untreated one, which indicated an
increase in its physical resistance.

*Corresponding author: m.razani@tabriziau.ac.ir

_@
This work is licensed under a Creative Commons Attribution 4.0 International License


http://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/1735-8779
https://portal.issn.org/resource/ISSN/2383-2169

WWW.CSL.ICIC.aC.IT s (ow giwd

- PEXoYAY F(1Fe1) 0F /S5, 5,968 ii
&) 2 un 9;3 ¢ ( ): / )"65)3. 39#6‘“‘!}“‘
) g3 dllio &g

3T (g

A
e
¢
A (glos r:"
Joumnal of Color Science and Technology

WWW.jest.icre.ac.ir

Ol ¢ e

" ol s ygain it S3ld Slani L 35 s
OVEFYYPATY : i G9ako «ylnl (o (o (sodlwl i olZiils o Kim 8 BT cbslam sasiiils ¢ )Lotsls )

AVVYAAYEAY 1 iy o el e0lado] e ado] yio

ol&isly «Cunyo g clblin 0uSLisly (6 5SS (gomiily Y

AVDEAYINY &y 9o e eleol cliol sinio oS3l o pane 09,5 o lotils ¥

sloKew 10 0,350 jlooliiwl b ize pliwl] b, pol> iogss ploil o
K bodse) 55T o wiglite SIS slo g o 0 ol Cnf ol (Kiapd 5 )L
Er olil o laie ous Siolej/ sloKiw dipai Cowl ods i jli 30 5 (o 423
0)90 ibeo (905 4 Ly o a5 Cesl o)l Gliw] — g (Ko 0 juba> hed 0o
ol yie Ko ololis o/ XRE g XRD ¢ 3,55 0 solicizng b o .Caul Xl
Wpogils (it il )] (Sl i 5 (ol Kol DLipyS 00, 10 S £9i

PR RYA) UL“..;@LQJ PSS TN ,aL?u'/L;J/..u/jaj L;j[wﬁ ‘55)_._9 Ceogldo L;Lau'/u)f

Pl el L g ouis o))y adlllas 0,90 slodigei Gac 4 O30l jpai >,
At ) LS Olrdo Oy 4 K prhaw doe i jo 45 Caol ol lo Ko mbaw
o bl o] o ploil 4850 iz plin] 28l 40 g . Canl 0l Td> K slodigar
A5 il o yloy diged do Conud (6 i Ceoglio ol jlad diga g lholgly 45 >

g o] (Kb Caaglio iolis] oias L

Alio wleMb|

llie dazse

VE NNV bl e Al

VEAYNE el R

VFNNTNO 1 (S iSOy ay o yiws (0
YYYO-AVYA : ol Ll

YYAY-YVF4 1 Sy 251 LLs

DOR: 20.1001.1.17358779.1401.16.4.5.3

igowls” saejly

& '.PS - |

*Corresponding author: m.razani@tabriziau.ac.ir

_@
This work is licensed under a Creative Commons Attribution 4.0 International License


http://creativecommons.org/licenses/by/4.0/

w0 paiio 7 33 0 )31 Gl Siaw iy lSianl S uuabaan 1) 3936 (L) / YLeD 9 L) s34

8 2ot ln g 39hes onalive 15 (6 A B (S
4S5 Cowl il o gl 10 egie g Lo iz alSouil 4 YU
6lad o Logos aSis (52wl BT gl ol ¢ olass gsS5ely
5 SOl (P ybin M gy Slen (22 0 9 9]
a4 s Slge 3l sliws lyd b JA] W8 o JF  Sas
4 g 0 oslaiwl Lﬂbw) ).:I.M: 9 L_qi,.co)s u‘)uo cblas B 6"5‘)’9
o=l lhaive Jlaiul LB jlws s o @l a5 el Lo
0,5 o,Lisl (WYA9) aygl 5 leadle Sliion gl 4y )lg oo alox
ol niadlesl rals gike a5 (o3l 5l cbli> ply p0 ooz
I, Jod B casu il s o slge ol Lol [A] Wl S solil
Glad o lylyd po Jlo S o gy Sl a8 wijle e bl
e $L5 8550 53 7 platagis [Vl as S 5 2 s
o b 9 59,05 ade 4 Loy i Jeols gl S wlazdl plosl
Gos 4 S5 ollgs g 0l oxdaw 2iS g YU Condnd (oS CuSll
)A.: e ) u)m ).:‘ = uﬁjl’ 053{94.3 9 SloadsassLs ds}a wole
S R VSCE L) S RIPARIN  INCW PRV T SN O I
ol i 0l r:l?u‘ &ﬂ S S9) » uAAA.LMIJ u|)é 9;[.: Syge yO as
kel 40 K55 L 6,85 asle (plss o)lge 40 cole cpl a5 040 oo
3 B Sl o, Sloe Sad a5 52 0590 40 Lol arily gyllay S
B A g dns 8 b a5 Cunl ool lis g5 3l Ceeglie Eon
Sgete |y 0 Shoe (nl 500 elizl 3938l 5 (63le e L Ol sy o0
39 uplloiwl 8 )50 o as Slaalie ogdle 4y Dyl ses
0355 Jg8 b8 ool Jlosl slge a5 sl ools ylas 31 Jlo b b
el slse plo g daeoe Cugh o il 8 slagin Sl 5o
Sy 6l youls a5 sl o0l ylas (6,500 anlllae [VF] cl ous
Sz e S U ol 5 (Sopd olys Lld 5 JT
O 5 Ol Loy (59,558 5 Al (w3l g 9
S5 50,5 aBLsl L a5 W, a5 0l & M YooV Lo o
3o eaih i 5 Gleeds oads o Jole sl D 9 Kl &3
S e 1) Sibge RalS 5 00,8 (6T sl Sl S il
ol Yo o) Jlo jo a5 55 slanllae o VO] wsis o el o D>
PRI G SN A VUON [ SRR PR UUSI-CC s P P SR
PBlojl 03,555 15 sladiges 3 Jlgp-) jo 1) apnSy 0e
) asdllas (ran o5 (Fu )b S (59 (T 5l pm 9 20,5 &y55
9 b (Sou8 malidlas ol Jols a5 wisls bl
5 s bmms o NNFL il ool ol ples ) (slasilo g Jlas!
Sl 00 Jgore Sal 3Kl 55 Sal gl s plol Slibss
S 5 Sl L 1y el g oo JSio ol > 51y 99,5 o)l
Loasils oS 5 ;0 89250 SIS apw z9,5 Cely 5 oplas o S

doddlo -
5 9ot shagleislo yo LIE S (Sojlsn 5 55 oy
S O3lep 05l o oanlin Wil (18 S0 slad o 4T glaclesl
500t )] il sl Lol S o sy |y S gl olF oSyl b
2 as V] sgi o ol Sien i ceb o Sogll ol jon 4 lal8
45 o L g 00 oo iSel,aS g b ol (e 3l (S
K sloejlo 5l IY] wiily oo 5l ol sl IS (658 iz
10 (=S8 o e g Cen S o 4 a5 ssted T 51 glaws
I Soslee 5 592 lacaml alox 3l Jglite lacl om0
Sl S s ot Gl ] gl 5 o
lojlw 41235 )0 45 Sl ppedieSiie > ol ol ol
oS 039y e ] il 3 (DM S S (el 5 g, 005
sloa il bopey war ol aid) gl 4 a5 ool S 0
2 Gl oo ,S g, BB, S5 slad (a8 0 S (S
olgm wl e YO o o)l Hae jdad g o VA D50
5 galadl o e o9l 4y S5 Glojg b Sl AL L (2 )5
Gl 6,5 o315 sl oaile 3L "l bl s le g 038y o pe dillales
39 el )5 51 g pliiie aks VY S 4 Ly 5o sl [¥]
5 obey e Las adb oo 1) (eladl Ly ol 5l el > o
45 3 S Ao Gly e 1wl sl 1) sl (n Faige ausa
lya b Joo ool plnl g Conl dpogs JB an 35 o5 isuplSodial
a1y ol odsscaml Glyd gatabs 1) 31 ksl o0 3585 SUlgs oS
oz ol yy 10 Cnglio (iolidl Gely frioran g WS Jaie oo
o ad) o isuplSol [F0 0] ol plol BB sl 55 gy
3 S8 el 6T sl ln e S s pd oo B sline
Caldiul 5 cilas «Old (s (@uSon o5 gl  (SinSs
alo o (s ctealSovial (la5ws) s oly ol K0 Slae
L o 45 5,5 o plonl Sl 5 el ] 0T 5 clilem
oo sl g, (ley Job jo ol eols cuvsjl |y 59> culaiul 4
e 3 (S Sl 00248 )5 LS @ el (ol plowil
hl s ) st e & jglore alad walal, ol o laladl
S P PR SN F3 IR RN CH I g P PP RO
i Sl ol eolai il (K s 5l o blas
lad Geizman 5 Gtalesd o o gl Cusi 5 ool
Sl 53)l5 51V (5,0l 5 Lammo b (6,55l el iy (y3503
L 0,3 )8 a o930 550 il jion plSouiul cole 45 Sl jo oS
3y9] S @ (5 it iy Sl oyl 90 8550y s
slagby, 5l s Sorte (P, T Cape g clilis 059> 50 [V
7o Job sbdjl sl e (Bl Gloyd 4 (oltws Sz 0 wax
L 4y S S (i psle Sl osliil 5 0092 (59,2 ]
T Slshd s a sl ol po a8 ol aidly oS Koy sl

YEV-YOV L(EN)NF /55, 6o9Ld 9 pole (Sole dy puits



w0 paiio 733 0 )l Sl Siaw iy ElSianl S uuabaan 1) 3930 (L)1 / WHKed 9 Sy s34

20 D5 gy Sy ks Ll (6090 b ()] S o 5 enniie
@l g 00d I35 o) o aslio gaeld (B9 4 ey g, nl
Sl S g aaSs [Y o] ol oog juelcuidge 5w osle ol Jloe!
oolo du b ol Ll Slez &l oo (59, 5 055 Slalllas jo
45 iy a7 ol @ Sl (eSy000 5 Sl e 5
DP9y Lt g ol ppeloise 5 St R iy Sl Jol> b
08,8 oslasl 1y oole aw (pl 3585 yliae o B g (S3h,o
LS e L 00y (xS 5 ladigas 5l (S 0 iz e
oo o5 DLl O g0 )0 Lol 39 pl o2 bosle aw jo s
|y 8 i 45 Olsicee Sl Ko Ll 5 65 b it wonls
b dn Cond B (pl 59 peedS S5 000 L a5 5,5 L)
Biot sl Gl ;53w p3¥ IV ] ol ails (6 oy oo
L psuplonl osle (o8 iiSedp (SgSz )l jome Jo>
35 e (Sl 5 (Sused ol iyl Ol 5l oy 5 S
Gz ol Blacal s T dnslors 5 3985 Gas aile 65,150 5 ol
suplSotiwl Canl g Los Dloladl 05 oS 4 axgi b e
P b g o)l S (Fhg bl g Caape g bl w0
Ly il 518 0l5T (slgm (oyme 5o Jlge slalo a5 St
5 bl 3 (5,515 51 ooliil a5 ol 3,5 S o
slacg s ikl Jos 5o of (abadly fge Jloiol 5 cunpe
DS s ja> G o pde g o)l (Sla S unl B
Lt SsSsS e 515 () Jpaz) aiies sogito (slo sl
ERUORCNE FER A SO AL S PRI SR
Sz an ¥ gz o aS wis bcowl (nl jl Glasgeme 008

IYVT el sas o Lol o] 51 diges

Slsean Sal g [VVVA] acas o Sl jols 5 g 0
O 314 (ol 5 0,25 s )18 0aliul 8 )50 59894 isuplSodiul
3550 3 4S5k (Sl slabdlo 5,50 y Lebias o5 e G515
B 5 D580 (BISS 3o b (Sl Sl Sl slaSis
i 5305 e (slols | (Ko 1 ¥ 556 090 5 (e
9590 gl (§3lwaz J1Se Gaizmen g oole pludl Sl g 0 plox]
i sy b sadaitle alfile] lbaigel 5 c8,5 8 anlllas
Py yS dges 635 )18 3l e i8S 18 e Cod (S e
ol i LT as” aile 3l (St oo (s lio ¢ ,iplSioil
10 3590 P> 00,5 3985 azs] g el suilo B )3 g3 ylen ool
B g 5 4 Sge S 858 Sy ke & 5 eos 5L
g B o g ools JSis s j0 ComndS ¥ 009 YU 00lo
2 6% aalllae [NA] el 00,5 —asuplSocul | Laages
ol Sal 5 5l eslinal Ly e Salo S oiselSo
J=U o Pl @jgea oyl LS, cdale b osle S 3l s 85ls oo
Ve an A0 Sl agy bl cwd) Jl 5 T po P g 5 A
Pl 50 1045 Glosle oT,LS 45 0 samlie g o oolatl (34
1 oml s ol it (Al BT an cas Celoal Jo (oS 5
boye O (b (285 Grizman 5 O 05 i Sy & s
a4 358 slyy SIS G WL SIS L sl K 3 o5 58
g o o s TF] anlasoe S50 1) ooy g anils |, Kaws
Slid (59,0 sl 63 (sl Jslome) (Goes daz oole S,
1545 oud sl 6l slaKin sl ol (DAP)
S 9y CamndST Ly (2 STy 30 5 00,8 Sea il )5 S 28l
Soute |y Ko (b olys oole (ol ams o S5 (HAP) cusli]

.([T/\] S Fedh 0 b g o)l5) sl s.aL...:wT N Jous

Table 1: Diagnosis of dado stones in Sheikh Haidar's tomb tower [1].
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Table 2: Microstructural analysis, objectives and standards references

BSEN 1097-3,
ASTM D1585, 2004

ISRM, 1979

Physical experiments

UNE-EN 1925: 1999

Olympus microscope
BX51

Manufactured by PHILIPS
factory: Model PW1800 of
Beam Gostar Taban
company
High score Plus 2016
software
Manufactured by PHILIPS
factory: PW1410 model
analyzed by Beam Gostar
Sigma-plot

Structural experiments

UNE-EN-12371:1999

UNE-EN-12371:2001

UNE-EN-12371:1999

Resistivity tests

ASTM C535, 2004

Preparation of medium-sized stones related to
the studied sample and then carrying out
weighing and measuring scale operations

before starting the experiments

Preparation of stone in the dimensions of
7x7x5 cm and placing it in the water
absorption and disposal cycle!

Preparing 2 thin sections of 30 microns from
the desired samples and examining them with
a microscope

Preparation of 6 grams of powder from two
samples SHD1 and SHD2

About 6 grams of powder from two samples
SHD1 and SHD2

Preparation of stone in the dimensions of
7x7x5 cm and placing it in a wet cycle and
successive drying (in two groups, treated and
untreated)

Preparation of stone in the dimensions of
7x7x5 cm and placing it in the freezing cycle

Preparation of stone in the dimensions of
7x7x5 cm and placing it in the salt attack cycle

Preparation of 10 pieces of stone weighing 400
to 600 grams and placing them in the

durability cycle.

Determining the amount of
water absorption in stone

Determination of density and
porosity to understand rock
weathering behavior

Determination of rock
permeability

Study of rock type and
secondary changes of rock
minerals (mineralogy, texture
and composition)[22]

Determining the crystalline
phases in the sample [23]

Identifying the compositions of
the main elements and oxides
forming the rock [24]

Determining the resistance of
stone in wet and successive
drying
Determining rock resistance
against melting and freezing
cycles
Determining the resistance of
rock against Thénardite salt
attack

Determining the resistance of

stone materials against abrasion

combined with impact

The amount of
moisture and water
absorption (%)
Density and porosity

Capillarity test

Thin section
petrography

X-ray powder
diffraction (XRD)

X-ray fluorescence

(XRF)

Wet and drying test

Freezing test

Salt attack test

durability
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Figure 1: Microscopic images of the stones thin section of the tomb tower of Sheikh Haidar Meshkinshahr
a) micrite limestone with cavities filled with plagioclase and quartz, b) cavities filled with plagioclase, quartz and calcite crystals, c) filling of
fractures sparite limestone and d) lithoclast with plagioclase blade crystals and clay) with X40 magnification in XPL light
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Table 3: Results of XRD phase data of stone samples of Sheikh Haidar Meshkinshahr tomb tower.

Compound Name Chemical Formula Ref. Code

Calcium Carbonate
Silicon Oxide
SHHD1 Iron Oxide
Aluminum Oxide
Sodium Chloride
Calcium Carbonate
Silicon Oxide
SHHD2

Iron Oxide

Aluminum Oxide

Counts
10000 -{ SHHD1

5000 -

CaCos 00-005-0586
SiO; 00-033-1161
Fe;03 00-033-0664
Al;03 00-010-0173
NaCl 00-005-0628
CaCos 00-005-0586
SiO, 00-033-1161
Fe;03 00-033-0664
Al;04 00-010-0173

= 40
Position [°2Theta] (Cgfﬁper (Cu))

s Sy G o yaiie gy o,l31 51 Y ol S aige XRD (slo s JUT Jloges :¥ S8
Figure 2: XRD analysis of sample stone No. 1 from the dado of Sheikh Haidar Meshkinshahr tomb.
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0
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Position [°2Theta] (Copper (Cu))
).e(.».: ,,..i.we - IRVE S @:..M: o):.fu 2 o)‘)" )l Y o)Lo..(i) Sow gl XRD )L>5.<>.3 ¥ I&&
Figure 3: XRD analysis of sample stone No. 2 from the dado of Sheikh Haidar Meshkinshahr tomb.
Counts
[— SHHD1
10000 +—— SHHD2
5000 -

0 T T

10 20

L A

Position [°2Theta]

HSSn jo> Gl 0 e @ 0] (Sl 4i50i XRD (g3lslen s ylogei :F S
Figure 4: XRD analysis matching diagram of dado sampels stones of Sheikh Haidar Meshkinshahr tomb tower.
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Figurel0: Graph of the percentage of elements in the Dado stone samples of Sheikh Haidar's tomb tower.
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Table 7: Results of physical properties tests of the stone sampels.

Ir:;wtée;lar;ﬁqaslsepf Sample volume: Dry mass of the Immersion mass of the Saturated mass of
240 gp ’ 300 ml sample: 350 g sample: 220 g the sample: 477.5g

parameter result
density g/em®1.3
Porosity 19.76 %
percentage

Water content

0,
of the sample 26.25 %

symbol unit
p g/lcm?®
n %
W %
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Figure 6: Chart of results of capillary test of stones in Sheikh Haidar's tomb tower, a) water absorption cycle in the vertical direction, b) water
absorption cycle in the horizontal direction and c) the water loss cycle.
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Figure 7: The diagram results of wet and drying cycles on the stones of Sheikh Haidar's tomb tower.
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Figure 8: The Diagram results of freeze-thaw cycle on the stones of Sheikh Haidar's tomb tower.
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Figure 9: Diagram of the results of the salt attack cycle on the stones of Sheikh Haidar's tomb tower.
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Figure 10: Durability cycle diagram of treated and untreated stones.
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Figure 11: Three steps of deposition of consolidating materials on porous stone due to the relationship between the carrier (consolidating material +
solvent + ambient temperature + method of application + setting speed and nature of the stone) [Y].
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Table 5: General results of physical and durability tests of dado stone sampels of Sheikh Haidar's tomb tower

Quantity

Experiment standard

Result (%)

Treated sample Untreated sample

BSEN 1097-3,

Moisture absorption ASTM D1585, 2004

Loss of moisture UNE-EN 1925: 1999

Salt attack UNE-EN-12371:1999
Wet and drying UNE-EN-12371:1999
freezing UNE-EN-12371:2001

Slake Durability ASTM C535, 2004

Sample 1

Sample 2 Sample 1 Sample 2

D2 D1 D2 D1 D2 D1 *D2

8.35 8.1 6.13 6.7 726 689 7.8
7.5 6 5.94 5
76.49 55.52 79.94 80.13
0.3 0.3 0 0.02
84.56 77.27 50.55 86.02
12.77 sees 12.31 ===

sDirection : (D)
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