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ARTICLE INFORMATION ABSTRACT

In this work growth and characterization of potassium chloride with nanodiamond is studied. Crystals
were grown using Czochralski crystal growth method. KCI crystals are doped with 0.5, 1 and 1.5
percent nanodiamond (ND) impurities. Breaking cross sections of the pure and doped crystals were
characterized by scanning electron microscopy (SEM). As a result, increasing the doping percentage of
Keywords: the ND in the KCI crystal, leads to increasing the surface roughness and nicks curvature on the fracture
KCl cross section of the crystal. It means that ND doping inside KCI crystal caused mechanical hardness of
Nanodiamond the crystal to increase and increasing the doping percentage results in more mechanical resistant crystal.
Mechanical resistance On the other hand, Vickers microhardness scale is used in this study. Hardness is too complex to be
Er;‘r%‘rlgzscmss section described by first principles. Based on the dielectric chemical bond theory, a semiempirical theoretical
formulation of the hardness of pure and doped crystals is introduced. Analysis of the results shows
increasing of the nanodiamond doping leads to an increase in mechanical resistance of the samples.

Original Research Paper

Received 19 July 2017

Accepted 15 October 2017
Auvailable Online 27 November 2017

[ DOR: 20.1001.1.10275940.1396.17.11.28.8 ]

S (Sl slady o Blis )3 pob ol g (139 5o 0 e o
ol 5w Js 4 ol onl el ot Eacly gadge ol [B] ol saniss
£ ASepl 4 darg L0 13 colaial 050 (SO bolKins o
b olgie Wl o la Sy oS (asein sl Sy slovisn
9 Fesotis | ol saims JSis Gl izl e sloion oo s
Ngey Pl 505 ey (gl ol 5 (o 0 VL ) o (s a0
5 adlas [8,7] ol Lalbl g3l b swile Glipl Gle o
$daie Hlaize lawgi el oan ¥ KCI sl sl 5l (5l sbaasein
ol e S 5 g Ll (Sl olss [12:0] vl w5 000
colainaglse 5 sooje )3 (slod nS (slas )5 a5 Cenl o s ol

Please cite this article using:

4o -1
10 Nad e ddg il hg, b aS (ND) pwledl @l )39l a8 T o2, e
08 Al b L3l ol oaste h¥oa wog oud cazs 1963 JLo
l3gb ol 1] sy oas sl o) Kiagy 3 o29,5 Lawgs 1o pians
S 038 &0ty (g0uste e (LS Sgae slp (S99 S Glyes
el ol el 36l j0 VU Lide ol s 4 (2] ol a3,
KCI 3] 6,8 U5 Yo I b gl (sli2l o yile STy 457 3500 9925
Tl s Jsb mems ok 0 &5l aulIT adle sl
Caglio b ol e colie I (S0 4] el Glis  cabolineg xSl
S5 sk ol leard dism £5 o ol ey [B] T Gy (Sl

s lod o3liw! d @ybe 51 o ol @ gla )l (g1

H. R. Dehghanpour, S. S. Nourazar, KCI Hardness increase via nano-diamond particle doping, Modares Mechanical Engineering, Vol. 17, No. 11, pp. 380-384, 2018 (in Persian)


http://mjmec.ir/
https://dorl.net/dor/20.1001.1.10275940.1396.17.11.28.8
https://mme.modares.ac.ir/article-15-5370-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-13 ]

[ DOR: 20.1001.1.10275940.1396.17.11.28.8 ]

)5T),i Olodawduw 9 )gailin s Ld)daes

oolall 3936 i IT U SaUS aswsliy gy (iws il 391

2 120 KO 0ga (5,L b 00isS 3585 0,5 o & jgu0 04iS 3edi ylsicay
Oglite calits Slye g1y b ojll atdl .aiS e sl 5055 xhaw 55,
anl colus 4 Jlel b Cans j S 5,505 amiw o [21] el

:‘.\:\"lk;a Cwd 4y S5

H =1.854 % ®3)
R Jsb Ay s H o Kgf ey Jlasl )L F T o o8
Sl o o
122] ol sl 5w o)l 00 ol ) dlwly Cogs dsmies
H(GPa) = 680.3 [%5]2/3 Nv 4)
e b Sij el My T”‘j 51 slagil s wisey Jsb Rij o o o8
2 abwly 51 g cud bl wm asly 5o badign olaws Ny g dige

Ry — R;;
Sy = exp(———) (5)

Sl A0.370 oy Sl mbib g 'eld b )b Ro o o a8

o ¥T (gl yoly gickuw ~2-2
odel Cowsdy @l KCI 2o¥T pgas 0 adF )50 Sldlhs o
St (S )0 O] 5o JBz @ (5 Sy | S
Sbb 5 el oty 3,135 [24]C V2 [23] C 28: g0 C 4y (i5ew
el s e (6 59k ASed Sl (S S a5 0035 ol
S el 00 &) [25] olS bwg o5 5,08 Joe
25 ) by B T j0 a5 @l CB Y21 conlite e o5 oS oo
9.5 g0 00l
B =4.7¢?(ea®)* (6)
S 2ol @ 5 Sl S Sllgs ol & g8l ke ol e oS
b 2l 5481l S pslligs cul KC o g0 po el lsee 55k
adasly 50 e8Il L g polie cpl oyols LB L g ol [26] 629.2 (b,
oy o B sl 0.23 o3lail 4y (6)

B byl -3
480 NM lawgio ojlasl b ol 1,356 § 99.99% pools L KCI o0
5 KCI ;54 1009 .0:38,5 1,8 soliiwl 5,50 KCEND sl o, jebate
50 Slge cplabas ools s,y ail¥lasx & js0a ND 5 0.15 40.01 .0.05
oals 15 (1259 (455 56 CM Goc Al em L3ls Hlad) oM ag S
Gos (155 MM Il hd) S Se 0,65 0 g (! (e 0D
soh S8 als o aslif (1200 °C ain slos 5 300 MM Ll
sbo s Jate o Vb pieon 4 S &l lgiedy alls
dr 09 ased dlge 9,0 ol den b Edl Sl (om0 Djge 4 0)6S
slge JS oo gd (gl o asls oS5 el *CT780 o3lusl jo Lo T 5
alo b ol slge ol 5l w090 L0550 oy aids 30 sgam wg (9,0
e Sl oly 4 (12 VL e lojen g 0ad Jate Jjaies
S esls 18 1 rad/min _as > slaggly Sy g 005 8 MM/D (5 2YL
5 50 Lo yoly b iol3dl (ol BMM &y ol 10,5 o5lail s 51 e
5 ob Uibge sl Wb, akds 230§ L il ials 2°C aids 15

© Bond Valence
" Bond Valence Parameter

381

alox 3l (Sl Se> bg, [13] asS o Sig slmesliiul g (5 ytesjs
Ol b Ogd g g 50 gl oole s dtdu ) b .l Coll ag LSS
Ay Gl oole phans b ails ol ulas bojls Laul58l gaig, aigy &S
sas oold as, ol a8 ail (slojlasl 4y 1S e (Bl 5 05 e 2T 45k
U5 sl 55,5 5 45tls g2y (goulio s5h 0, a5k adyl s 53k
gy 3 eslitul L KCE job S laml IS ol jo [14] ¢85 aalys
S )0 15 9 1.05 6Lasgaﬂ>l.\ L 9 ol ools W) <ol g kgim”;y
5 i B sla bl alamil b aalsl o ailoas sag¥T ulall cil,3436
4 bl Ol 35 (0538 L oS el oo ool Hlas Ldow slo ybg, 5

o2 Gl o (SGle Caeglia lgs o KCI b,

S Slo—2
sl (o (loi Joo (g gl 90,3 =1-2
Cunglin ()] slire sl olge (SlSe sla Sy cn et 3 S (o
@ Gy el (Sl g (Sl G S s Blae o oole
Gl s Glosle olm L 3 plp o oole Cuoglan jgods ol
Qoo Jod 5l silides slo il b 4 g 059s ooz ol 5 [16,15]
310yl (S )5k slagali plo 5 aSes alomlr (YT Jlsw L
S iogd abadi alox 5l S55UsT (o5 S Sy b (e N3 o
4 azg b oS col by, [17] el basye g (Ko 6550 o)l
S5y (srolin oo 4 5l ol (65l Canogi sl neS al 092 edezy
5 alaly 6l b (e aaloe gl oud sleriy Lulg, 51 (Ko 0l
18] el
H(GPa) = 350 [N,se~1191/i] /25 @
2 sk sl 09 Sl Slaw Sygon 98I (S8 Ne o] o o8
Nse (T iy fi g s Sl oy iy Jobo icanSe g Sl
59 S 3 JSate 6,0k (e ln (ol SR Bib el ol
119] ol oais @6l Q w0 b g @ Galises 31

H = () Veat) fdasmase ™" @
Zapy <ol (0) @ o3l gy 550 €ap =Zap/Rap o1 o o

Nab ol (0) @ w31 03l glais Sl Rap (0) & (31 (o3l Sae snimoylis
C casladign ol Jsb Gab g b ga laps! (b loaigey slass sasaslis
A (FP (275 G Milp S L oS wies glacl o
fe [19] w)ls 1,4 5 1550 (slo e oy 4 KCI Jsly (sl 45 w55 ,5 oo
Sloig, 3 s T 098 o i yu fe =[(Ea-eb)/Eaten)? & 50 4
lodorinn < oaiiS 3gdi Sl 5 JSE wbuly ol 0yt Shdastis
e ailead alzl 2S5 Juln s T3Sy Jed 5l soaate
L g8 (oo (ouledl lap] ouisS 3585 aSaitnd Cgi g 5,509 bazin
Sore S | (e id S5 5h9) 9 (ompe S 4 slaousl
b bl (25 (5 50518l Liole3T [20] T s ooy 39i5 mhaw 4 S9i
(1367 oy 4l ) oo ldl 5,505 S 5 5 6550 oI350 51 oolicid

! Indenter
2 Vickers

3 Knoop

4 Brinell

5 Rockwell

11 o)l 17 0593 1396 (youp (oo Suille wiie


https://dorl.net/dor/20.1001.1.10275940.1396.17.11.28.8
https://mme.modares.ac.ir/article-15-5370-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-13 ]

[ DOR: 20.1001.1.10275940.1396.17.11.28.8 ]

)'AT),i Olodawduw 9 )gailin s Ld)daes

ololl 393 VT L 345 @uliy ok idews Gl 331

—. O ) -—.
Fig. 2 SEM image of fracture cross section of the pure KCI crystal
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Fig. 3 SEM image of fracture cross section of 0.5% doped KCI:ND
crystal
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Fig. 4 SEM image of fracture cross section of 1% doped KCI:ND
crystal
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