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Fig.5 SEM images of RDX crystallized at different content of EmimOAc at 25 °C
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Fig.8 Morphology and particle size distribution of raw RDX and O-RDX crystals

S ST O-RDX i A X 28 W00 25 B8 114 5% i), >R I 0L
B, A0 AR [R5 RE A IR R BE K U6 OB RDX A
O-RDX #4725 Bk, R FEEAS R LR 1. M
F1AIFE M, O-RDX 1 % W % & & F 5L kL RDX, i —
R O-RDX @A & i 55 kL RDX. % O-RDX 5
JURE RDX fi f 8% 32 R 2 452 8% 3 gk 47 1 Dk, &5 2R
F1rax., HFETAT, O-RDX 5 J5 B RDX A b,
O-RDX 1y fif 7 Jk 2 Fn e 45 Jk B2 43 5l % ik 60% Al
50% , B0 3 . — BT E K2 A AR B A R 2 R
o (A IR R R M — P 3R A R 2
SR KE 2 AR AR o PRI, O-RD X ML A /2% A A

A g2 P A G A AR S BT A T RURE RDIX

R T HE58 EmimOAc X O-RDX i 1A 45 ¥4 1) 5 ﬁ
XF O-RDX @iy A F1JFURE RD X fib (A E 47 Xy A A7 ) 3K
ZER N 9a iR, NE 9a 7] LI H O-RDX FJEEL RDX
5 RDX AR A (PDF#46-1606) A —5, 48 H
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Table 1 apparent densities and mechanical sensitivity of
raw RDX and O-RDX crystals

apparent impact friction
samples . _ o o
density / g-cm™ sensivitity /) sensitivity / N
raw RDX 1.7884 5 128
O-RDX 1.7922 8 192
(9 i 78 . H K 9b ) O-RDX 5 J5URE RDX A1 FT-IR

ML AT LR B JFCRE RDX AT O-RD X 457 AiF 16 A48 £C
DX A7 B AR —EC, S SR EmimOAc RS Y
T O-RDX B4 dtil #2 , 3% A #E A O-RDX Sh A1 N .
YEZS A R SR s i L e M R E . — Wk
XF O-RDX M 1 DSC it , ik 5 S an &l 9¢ fr s , 45 21
W JE B RDX A1 O-RDX 14 4 Ak 1 B #6 J& 203 °C, ifif
O-RDX [ 73 i R B 4 5 1) 235 °C, HeJFURE RDX T T
R W O-RDX & A BB B /0 Jo B e
4 g

XXXX HF & XX A& HXX#8 (1-12)
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Fig.9 Crystal structure and DSC of O-RDX and raw RDX
2.3 RDX &2 57 0 32 18 4 U 5%

J T 98 EmimOAc XF RDX 3= 28 1 19 52 0 L
 , WF 9% % JH Materials Studio 2020, %f RDX #47 T #
PLBFSE B4 T RDX 7E EmimOAc 2 i F (1916 1E J5 1Y
M e, 25k 2R, NR 2T LLFE I, 22 4 H
& IE J5 1Y il % BE 52 EmimOAc 5 Wi K /N 43 9 J2 .
(102)>(210)>(111)>(021)>(200)>(020),
Horf (10 2) T 2 22 EmimOAc 82 it KAy, 220k
AF,(102) 8 H K& RE E,, 0 -531.54 kJ-mol ™, &
1EJE I 25 fE £, —441.24 k)-mol ™, i X§ (0 2 0)
8] (146 TE Bt BB L 1A 2 e, 025 T M & g £, 0
—430.66 k)-mol™ & IEJ5 & fE £/, —423.80 kJ-mol ™,
EmimOAc EZEZ (1 02),(210),(111)=4%
AT (1 B 25 B o AR AE AL O RT A8 E B 5 RE (E7,,)
18 2t % (B 5 A T A A KRR (RY,) , ZEH E LR R
MZE 1] LA, 7E EmimOAc 0 K ,RDX 32 % i i
B ARG R T — B, BE RS LR 45 R I AT BE
KR 58—, X R TS BN BE % R R g
MY E ARG . BALAE R EAR R T EmimOAc %)
RDX i A W BE 36 4 1T, fiff RDX 32 28 4 i i A=
R T — 30, K % T N & RDX, BF O-RD X,
2.4 RDXZRETEVIEMRE

Hartman F1 Perdok"**** V¥ [ 4 1Y A 1 4E FH fig 5

B
w

£2 TEEmMIimOAc T RDX 3= & i & 1F B B % fig

n A 25 B OAR GR Ok, 2 T R 1 B B (periodic
bond chain, PBC)# it . it I A= K A7 A6 =l 17 2%
AL 4B 10a s, F i (flat) < A B3 LA _E G R 300 1
FE(PBC) 5 Z VA7, HA —AJ7 Inl ml LIS, df i 2 K
RN, I R R Y 3 B TE 5 S T (stepped) : R
— A~ PBC 5 Z ¥ 47, ff T A KO R P SE S KW
(kinked) : R AT AT PBC, 4145 kb ) 3 26 )7 111 5 PBC
— B, R Sy LT A A A AL A R £
TG 2B R SRR, S ) T A 1Y b T

i R 2B A Y 3R T2 A2 B AR LA IR A S I
B S T Z RIS AR, R UOE MR A KRS,
VR R EE AN f e S O bR R ) o Herb, o i RN
(4 2h 71 ) Xof i A 2 180 JE A0 LA B K2 . i &l 10b
JIE 7R A 3 0 R B HE Bl ) BN SRR L AR R T
T B 3 VR R R HE Bl T W R AR H T AR 1SR
RECY S H R R S TR Al i R R O R R B R
Ay A= O K W 10 iras , Ml i A EE <o,
1A 0847 18e A 4 7 X (Spiral growth) , 7€ F i A= K,
BB E Aub AL 21 5 A, A M R AR K R B R TG
W o <idb A <o, iR FEN g AEK
(2D nucleation and growth) 773X , It B 15 A5 B2 5 Ak 4
BEafl 25 53, i s 7 F R sl SRS 89 2D A% A

7N =

K, 24 AR RARE A KA s TR AR AR (H 48

Table 2 modified attachment energy of RDX major hkl in EmimOAc
hki E../ kl-mol™ Ei/kl-mol™ E./kl-mol™ E,./kl-mol’ E, / kFmol! E' ./ K-mol™ R\
111 —12300.29 —7952.03 -3763.76 -584.50 —449.82 -369.82 1.00
200 -7010.42 —4795.74 -1987.07 -227.61 -397.94 -366.64 0.99
102 -12316.78 -7832.41 -3933.59 =550.74 =531.54 —441.24 1.19
020 =5279.16 -3303.18 -1932.67 -43.30 -430.66 -423.80 1.14
210 =14662.79 -9659.68 -4549.64 —453.42 -499.61 -415.68 1.12
021 =12707.69 =7973.62 -4376.72 -357.36 -490.16 -425.39 1.15
Note: h k[is crystal. R',, is proportional to E'_ . the values of R',, are benchmarked against 111 crystal face.
Chinese Journal of Energetic Materials, Vol. XX, No.XX, XXXX (1-12) & He A A www.energetic-materials.org.cn



JN PR B A0RE B2 =5 BT RDX il A 114 il 4 3 2E R B 3 A 58

a. periodic bond chain, PBC b.

2D nucleation
spiral growthand growth

a/

rough growth

02

41
3

\\ Tne=10

o
c. Effect of supersaturation on crystal growth pattern

E10 RDX/ERKHLHEE
Fig.10 Growth mechanism process of RDX
A A AR L MR AR PR B A M E >, A
08 KBS 2 K I 3¢ (Rough growth) , % B 75 K i il S
THT A I, T 2 T L 2 R 2 R AR R R
PR, E I ARJE S8 O IR B2 R AR, Hom iRk
TR HLRE | 76 4338 B9 25 78 T R Ok i s il
T F T A AL S SRR D T KA JZR A KA AR R R
AINTHBEER . Y o, <IN <oy, U A A B A 1
T7 34k F =4 A% AR A BIHURE 2B R Ay i B B B
IR RDX 25 i S 56 R W], &5 S i AR & D IR i
WM 45 SRS CEmimOAc FI B 5 P R 4R 4
Z RO W RDX 4S5 & 947 S AL, 3R A5 A A8 350 A
JRA RDX A A o v, 400 0 35 90 e 38 R 285 i J3E %F
RDX ¥ 35 Wi 2R, AR o2 5 0 00 88 %t A FE 550 ) 52
Wi o AEA RS AR AEAE TR RDX 25 S HLEL A 2R T 5%
AR I 10d s o a4 AR /N i A A R e A
Ko, b T AR RO R, R R R A S R,
T B EL AT DU AR (4 RDX A 5 i 25 3o 0 A0 5 1) 34
S, RDX iy A A2 1 7 30 748 O — 2 R A G, iR 1
TS B B AR 7 5 2 0 0 A0 B2 gk — 2P i, RDX
sty A e 78 SRR R A D7 5 I R R A R B B B A R BE
AR SRR IR O AR AN TRE B BT A

CHINESE JOURNAL OF ENERGETIC MATERIALS

9
spiral growth 2D nucleation and growth rough growth
p
smooth transition phase rough

I

»

driving force

Effect of crystal driving force on crystal growth mechanism

increase supersutruation

= f ,"
LT % %4

. Effect of supersaturation on RDX crystal morphology

RIBIZ BRER . I AT A, B8 VA R R R A
FIEE T, RDX A AR 4 7 2OMRiE Az 1 e A Dy — 4 1l
A e e RS A o A, TR 1 i 4 A
JETR AT SRAFIE AR AL fr) /T A 55 it 5T RDX R

3 4

(1)RDX Ay 45 S A7 R 2 45 I AR R VIR T
WRE 2 IR BE AN IR B b R A 2 TR R, o i
FUEE R RDX iR AE K A FZ R K, BEE o
b RN RE ) 28 R, RDX db iR 1 A K s s T R e
A - Y AR R RDRS AR K Y AR Ak RDX A A8 25 B XL
/T ARt A 30 37 T A Sy B A R A AR A B A 25

(2)EmimOAc X RDX & 1A T8 5 7 A= 5 2 5% M) .
K AE BB SR R B . EmimOAc 5 RDX 43 T 1Y
AHEAE R (8 RDX 32 22 i 17 119 25 K ol 3R AR — 35, AT
A5 ZHIN N TEATE AR, 5256 5 BeTHE — BT .

(3) ¥ B DMSO-2Z, — fiE-EmimOAc 1E Hy 7 7 4
Z ,RDX WA WO E N 0.275 g-ml™, S 7 5 1% 51
AL 15: 1, EmimOAc 8 0.2, 45 i
25 °C, i $£ #0100 rpm, IR 15 T 5 5L 00 () \ 1
P 0T RDX Al A, 26 00 %5 B2, A AR Sl B4 o 5 R

N XK XXXX HF & XX A& HXX#8 (1-12)



10

PG, M5, B I B e

L RD # Hb , O-RDX fi o Ji% FE B# K T 60% , BE 482 J& %
FEAK T 50%, 2 iR E 4R 0 7 5 °C, et Kk

2
[== e}

REE R O R PR A T HOR S

SE

[1]

[5]

[6]

[8]

[10]

[11]

[12]

BUE M2 RS R IR 2 R
THEMBL, 2020, 28(9): 874-888.
LI Hong-zhen. Research progress and suggestiony for the modi-

W 5E 9t e I e e it il [)].

fication of the explosive crystal characteristics[]]. Chinese Jour-
nal of Energetic Materials(Hanneng Cailiao) , 2020, 28(9) :
874-888.

RANE AR SGEMR, S5 R EERIE 35 R KL 43 A X RDX 2 42
R it PERE RO SR (). M K HF AR, 2008,31(2) : 168172,
SONG Xiao-lan, LI Feng-sheng, ZHANG Jing-lin, et al. Influ-
ence of particle size morphology and size distribution on the-
safety and therm al deca position properties of RDX[]J]. Journal
of Solid Rocket Technology, 2008, 31(2): 168-172.

SORWL, AR, AR, GF L A2 A RO IR R I 2 Y 4 S T fE
()], KHEZ5 %4, 2023, 46(7): 663-668.

WU Yong-gang, FU Shao-bo, XU Bin, et al. Preparationand
properties of composite modified single base gun propellant
[J]. Chinese Journal of Explosives & Propellants( HuozhayaoX-
uebao), 2023, 46(7): 663-668.

YAO J, LIU J, WANG Y X , et al. Electrostatic spray prepara-
tion and properties of RDX/DOS composites[]]. Defence Tech-
nology, 2017, 13(4): 263-268.

wU, FRE, RE T BERRRSURD].
(06): 492.

Bui-Dang R, Br ady V. Evaluation of reduced sens-itivity RDX
in PBXN-109 in GP bomb[C]//35 th International Annual Con-
ference of ICT. Karlsruhe: ICT, 2004.

WATT D, Peug etot F. Reduced sensitivity RDX, where are we
[C]//35 th International Annual Conference of ICT, Energetic
Materials( Structure and Pr operties). Karlsruhe: ICT, 2004.
WA, BT mBOR B R A R AR A e ()] SR T
#f, 2013, 34(1): 41-44.

RUI Jiu-hou, ZHAO Xue. A study on preparation and proper-
ties of high density RDX crystal[J]. Acta Armamentarii, 2013,
34(1): 41-44.

SRR, BT TR, UESCRT, LR RG22 KRR RE S
(). T 24, 2015, 36(11): 2093-2098.

ZHANG Mao-lin, JIA Hong-xuan, WU Wen-li, et al. Cooling
crystallization preparation of millimeter-scale
spheroidized RDX [J]. Acta Armamentarii, 2015, 36 (11) :
2093-2098.

Wi, T EZ, Wi, % A AR R T & 4016 RDX K
B[] e fr TR, 2019, 40(4): 89-94.

CHEN Si-yang, DING Yu-kui, CHEN Song, et al. Experimen-
tal study on preparation of ultrafine RDX in mixed solvent sys-

TREM R, 2006

method for

tem[J]. Journal of Ordnance Equipment Engineering, 2019, 40
(4): 89-94.

W A . Sk MU L 7k o A S AHOK AIRRR B RDX B HL P B R AT
(B3O )], KFEZj4z, 2019, 42(6): 571-576.

JIA Xin-lei.Fabrication and characterization of submicron-sized
RDX with reduced sensitivity via green mechanical demulsifi-
cation technology[J]. Chinese Joumal of Explosives & Propel-
lants( HuozhayaoXuebao), 2019, 42(6): 571-576.

AR AR 90K RDOX Al 45 SHEREAF 52 (D). M st Mt # TR
2, 2004.

Chinese Journal of Energetic Materials, Vol. XX, No.XX, XXXX (1-12)

[22]

[23]

[27]

Sttt

NIl K, MARUYAMA M, OKADA S, et al. Improvement of
metastable crystal of acetaminophen via control of crystal
growth ratel ]]. Applied Physics Express,2018, 11(3):035501.
BN, B, BrRE % RDXW B A KR S REM
#H, 2009, 17(6): 660-663.

CUI Cai-ping, HUANG Hui, DUAN Xiao-hui, et al. Fractal
grow the of RDX[]J]. Chinese Journal of Energetic Materials (
HannengCailiao ), 2009, 17(6): 660-663.

X, B s, FF e, % . RDXAME A K L HALERgE[)].
22440, 2011, 69(11): 1308-1312.

LIU Cheng-jian, DUAN Xiao-hui, QIAO Yu-long, et al. Inves-
tigation on the fractal growth and formation mechanism of
RDX[J]. Acta Chimica Sinica, 2011, 69(11): 1308-1312.
DYSON P J, GELDBACH T J. Application of ionic liquids in
synthesisand catalysis[J]. Electrochem Soc Interface, 2007, 16
(1): 50-53.

KOG A BT IR AR B e B R SRR T B R ()], A R AR
2012, 20(2): 240-247.

ZHANG Guang-quan. Application progress of ionic liquid in
energetic materials[J]. Chinese Journal of Energetic Materials
(Hanneng Cailiao), 2012, 20(2): 240-247.

FErE, £, 208, % . 8 T WIA-DMSO iR A % 570K
ROXEBFSE[)]. FhEst B, 2010, 18(6): 639-642.

REN Bai-yu, WANG Peng, LI Qing-xia, et al. Recrystalliza-
tion of RDX in a ionic liquid DMSO co-slovent system[]]. Chi-
nese Journal of Energetic Materials(Hanneng Cailiao) , 2010,
18(6): 639-642.

JEING , BRERE, BRAR, AR AEEROIR LLM-105 & 1A B ) 37 K% 1 g
U], #fedtkl, 2021, 29(12): 1168-1175.

ZHOU Xiao-qing, SHAN Jun-hui, CHEN Dong, et al. Fabrica-
tion and performance of flower spherical LLM-105 crystals[]].
Chinese Journal of Energetic Materials (Hanneng Cailiao) ,
2021, 29(12): 1168-1175.

HARTMAN P. The attachment energy as a habit controlling
factor. ll. Application to corundum [J]. Journal of Crystal
Growth, 1980, 49(1): 166-170.

HARTMAN P. The attachment energy as a habit controlling
factor Il. Application to anthracene, tin tetraiodide and ortho-
rhombic sulphur[J]. Journal of Crystal Growth, 1980, 49(1):
157-165.

HARTMAN P, PERDOK W G. On the relations between struc-
ture and morphology of crystals [J]. Acta Crystallographica,
1955, 8(1): 49-52.

ZIVA, BERKOVITCH-YELLIN, J, et al. Crystal morphology en-
gineering by "tailor-made" inhibitors; a new probe to fine inter-
molecular interactions[J]. Journal of the American Chemical
Society, 1985, 107(11): 3111-3122.

DUAN X H, WEI C X, LIU Y G, et al. A molecular dynamics
simulation of solvent effects on the crystal morphology of [J].
Journal of Hazardous Materials, 2010, 174(1/2/3): 175-180.
LIU N, LI'Y N, ZEMAN S, et al. Crystal morphology of 3, 4-
bis (3-nitrofurazan-4-yl) furoxan (DNTF)in a solvent system:
Molecular dynamics simulation and sensitivity study [J]. Crys-
tEngComm, 2016, 18(16): 2843-2851.

SONG L, CHEN L Z, WANG J L, et al. Prediction of crystal
morphology of 3, 4-dinitro-1H-pyrazole (DNP) in different sol
- vents[)]. Journal of Molecular Graphics & Modelling, 2017,
75: 62=70.

SUN Huai. COMPASS: an ab initio force-field optimized for
condensed-phase applications overview with details on alkane
and benzene compounds[]]. The Journal of Physical Chemis-

www.energetic-materials.org.cn



JN PR B A0RE B2 =5 BT RDX il A 114 il 4 3 2E R B 3 A 58 11

try B, 1998, 102(38): 7338-7364. [37] ZHONG K, BU R, JIAO F, et al. Toward the defect engineer-

[28] BUNTE S W , SUN H. Molecular Modeling of Energetic Mate- ing of energetic materials: A review of the effect of crystal de-
rials: The Parameterization and Validation of Nitrate Esters in fects on the sensitivity[J]. Chemical Engineering Journal, 2021
the COMPASS Force Field[J]. Journal of Physical Chemistry B, (10): 132310.

2000, 104(11). [38] HARTMAN P, PERDOK W G. On the relations between struc-

[29] HANG G Y, WANG T, LU C, et al. Designing and property ture and morphology of crystals. I[J]. Acta Crystallographica,
prediction of a novel three-component CL-20/HMX/TNAD en- 1955a, 8(1): 49-52.
ergetic cocrystal explosive by MD method [J]. Journal of mo- [39] HARTMAN P, PERDOK W G. On the relations between struc-
lecular modeling, 2023. ture and morphology of crystals. II[J]. Acta Crystallographica,

[30] BERENDSEN H J C P, POSTMA | P M V, GUNSTEREN W F 1955b, 8(9):521-524.

V, et al. Molecular-dynamics with coupling to an external bath [40] HARTMAN P, PERDOK W G. On the relations between struc-
[J]. The Journal of Chemical Physics, 1984, 81: 3684-3690. ture and morphology of crystals. IlI[J]. Acta Crystallographica,

[31] SUNAGAWA I. Crystals: growth, morphology, & perfection 1955c, 8(9):525-529.

[M]. Cambridge University Press, 2007. [41] PZim. T REARIMI LS Tl b sk, dbst, 2023,

[32] SHTUKENBERG A G, PUNIN Y O, GUNN E,et al. Spherulites WEI Hong-yuan.Industrial Crystallization Technology[ M ]. Bei-
[J]. Chemical Reviews, 2011, 112(3): 1805-1838. jing: Chemical Industry Press,, 2023.

[33] BOURQUE A J, RUTLEDGE G C. Kinetic model for [42] Michael A. Lovette, Andrea Robben Browning, Derek W. Grif-
layer-by-layer crystal growth in chain molecules[)]. Macromol- fin, et al. Crystal shape engineering[]]. Industrial & Engineer-
ecules, 2016: 3956—-3964. ing Chemistry Research , 2008, 47(24): 9812-9833.

[34] WANG K, SUN C C. Crystal growth of celecoxib from amor- [43] BREAVE . BROV S i B0t « 4 SR g S P el ek e B (D). K.
phous state: Polymorphism, growth mechanism, and kinetics KHR, 2020.

[J]. Crystal Growth & Design, 2019, 19(6). CHENG Ming-yang. Spherical crystal design: Preparation strat-

[35] YUAN W L, TAO G H, ZHANG L, et al. Super impact stable egy and prediction of anti-caking performance [D]. Tianjin
TATB explosives recrystallized by bicarbonate ionic liquids University, 2020.
with a record solubility[]].Scientific Reports,2020,10(1): 4477. [44] ZHOU X, REN Y, LI H, et al. Polymer-directed crystallization

[36] EZM, skillgs, XN, & . S0 H S B2 5 A0 2% ot 1 L 2 2 of HMX to construct nano-/microstructured aggregates with
HlAE =T 2] &FREM R, 2021, 29(4): 285-292. tunable polymorph and microstructure [J]. CrystEngComm,
WANG Jia-lun, ZHANG Hong-bao, LIU Chun-zhu, et al. Pro- 2022, 24(4): 755-764.
duction process to control particle size of hexanitrohexaazai- [45] KIM K J. Spherulitic crystallization of 3-nitro-1, 2, 4-tri-
sowurtzitane[J]. Chinese Journal of Energetic Materials (Han- azol-5-one in water+ N -methyl-2-pyrrolidone [J]. Journal of
neng Cailiao), 2021, 29(4): 285-292. Crystal Growth, 2000, 208(1-4): 569-578.

Preparation and Growth Mechanism of Octahedral Fine-Grained High-quality RDX Crystal

SUN Xiao-qi'”*, JIAO Fang-bao’, LV Rui-bing’, DUAN Xiao-hui', LI Hong-zhen'*
(1. School of Materials and Chemistry , Southwest University of Science and Technology, Mianyang 621010, China; 2. Institute of Chemical Materials, China
Academy of Engineering Physics, Mianyang 621999, China)

Abstract: The octahedral cyclotrimethylenetrinitramine crystal (O-RDX) with an average particle size of 9.35 pm was prepared
through the solvent-antisolvent method in the dimethylsulfoxide (DMSO) -ethylene glycol (EG) system using 1-ethyl-3-methy-
lethimidazole acetate (EmimOAc) as an additive. The effects of crystallization parameters such as solvent system, solution con-
centration, crystallization temperature, additive and stirring speed on the growth behavior of RDX (cyclotrimethylenetrinitra-
mine) crystals were systematically studied. It was observed that the main factor influencing the growth of RDX crystals was the su-
persaturation. With the gradual decrease of supersaturation, RDX crystals experienced the changes of rough growth, 2D growth
and spiral growth, and the morphology of RDX crystals gradually evolved from dendritic to octahedral crystals. The results of ana-
lytical tests revealed that O-RDX crystals were in the a-form which was consistent with the raw RDX, showing high crystal densi-
ty with few crystal internal defects and an increase of 5 °C in decomposition temperature. Moreover, compared to the raw RDX,
the impact sensitivity and the friction sensitivity of O-RDX decreased by 60% and 50%, respectively. To further explore the for-
mation mechanism of O-RDX, adhesion energy model and the molecular dynamics method were applied to simulate the crystal
morphology of RDX in the presence of EmimOAc. The simulated results demonstrated that there were six main crystal faces of
RDX: (111),(200),(102),(020), (210), and (02 1). The formation of the double-cone octahedral morphology origi-
nated from the uniform growth rates of the main crystal faces of RDX under the action of EmimOAc. The theoretical simulations
generally agreed well with the experimental phenomena.
Key words: explosives;high-quality RDX;molecular dynamics; growth mechanism
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With the gradual decrease of supersaturation, the growth mode of RDX crystals experienced the changes of rough growth, 2 D
growth and spiral growth successively, and the morphology of RDX crystals gradually evolved from dendritic to octahedral

crystals.
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