o g

\..—__"l:, . .

B

W
3y alle

Aoy guaad t A0y AT AU A Alme

A e X I Gty gt g Wl gt gl S dth s il Sl o i 29 dmes
ldrla o lage Glag L S (hy (o9plly SRUN bl (g Ay ol Zally Zzelall Gl

2001 JJ:Y‘ oj\f—@lﬂl R 8 i duwdldl Ll Ogredly patdl saal

Jyged! pudl

L5l Bl deg) pladl !

ol a
(e iea oty plnd d g S Ul

J.’u." JL&QJ){-L” WMJJ{.U’

1 fe -T\:I;':'?

http://serversmiso.aecs.sy il laall alas (i€a

A el A 30 3L Ain



I e e B 2all Gadllly e 1 by 8

et Loy heline ey T o iy oy o qunly iy bl e AT Dby o Ballh 5 Bale g Ol or 7 1

2o ot B chpam Al Zallle 5Ty 2 Leatod Ly cminde o ey Gl iy S aly 2 Babe Oy Wizon T jy e o SE -2
clale Doy ol arily Yy T, ol U o S e Ay G e S e gy clagen JS ot

Wegise Eom oo 3ol amaiss o al g 1) (Key Wordss bl USH JS25 ) Sl Rt Wi By e A S gl g 3
Ay ol el St 2o jylng Y by (g dekinaadl Gty mtisy sl

Iy gl oW1 S I iy 3l ll odn o il G gt B A o7 ] e b ol S S Uln 5 5 ) 4
AW Jore Jo g snimy 0] ikt (pme )

abpn Aufldy ol 3oty oAl pn 58] o sy Uiy O 3,500 Ohgeal coF AN IS Sy @6 3lan e Fnss o Dl iall) S 13]
Ao alizad ol

ly eyl ol B B2 ge oS 134 ) Bt 31y e 21y Aanis JISEW 1158y Y 5, ol Joo i WS T gop 5l i 1) —6
gy Sl e i (11 34N G gl LS ]

T | p 2y el Slonlemadd gl pnme B 32l S5 o 15 i L0 o L Anbinzl) g ) bl Coollenally s Bl ur Jory —7
(18-2) bl aliel J a2 F (ol oy,

SR Lin ST o gar asmy g ) ARy S o5 g 0 ol o Ry e Wy T a3t el ISy e all 5 g
& 229 B S i o A A S e e oy i 3,21 Rl ) e A T R e ey e ol St
r N Joo W LS o Tl 5 by ded el 0,56 f Tshae i

Tnioall b G pllh b My polealt ] ) Gl Lty LS g domicall B (.0, X, F, ) Fs Y oy 0] it A -9
L] (e gn b o Ygmioy 23y 3V

A Vo 3 arly b gl pally W adl plolin 3 —10

A A b 2 B Ble e e A Bl e g -1

25 o el o Gl ) 3 Yy e b s - 12

gl by A aeyd iy e B et b1 S A S 2 13

G Ol | il B ) ey S 5 14

6091 < .o — G2ad — A oile Uows ~ pdly Latbly des B oo — A5 T Zea — dyypdl g W1 gy ppad)
B2 pyg)
or-d (1000) Slsiall gyl S12W = 2o (300) S (g Y - (200) Wl (g W S 28N

g Oyl M MW ) o d e £l e o el Ll

13 o3, g3 updl gilondl O all
16005 .= — J..’- -8
2/3012 LA 3,

ayd R Bl T ol uhty

t g Oyl e Gy Dy s A pbs il Joths peiell S
091 o — a2 — Yyl gl Bl B — 2y iy T N K — B Sl Dree
Jradl) A N Sy oy Dl e
Ol 17 g5 — s = G i Jadly Gy e A (0 500 s
oyl sl ya1y
Y Ol 5 2 Vgs 6y iy 10 Aogad) [ e 100 S5 [ i 3 e [ i 2 0531 / J.d 3000 o) / PHE R

N
b 6l MYl by 3 o gy Tilalt Slelivally TBUS” § bty Somdalt Sigrill Ui b alall ey AT 20 Y] 351 (e e 347
s JH Oyl e Glf GEST bl SN 20 oSy Sy kW o tyjald
Sl iy L e — G G T g
sl Al dpppad] = 6091 e 30
6112289 ~S6 - 61119261 itg)l o3 o JLaiW 4

ISSN 1607-985X

http://serversmiso.aecs.sy Sl slaall alat ii€a A geal) A3 A8 Ao



sl

#—ﬂ

oYl
7o inhd AT e e Pl Py V™ . . . o Coad Baline i sk O
2pd) b daz
120 GE LS ul;,u Sl e ety od O
ol daw W dar g
20....5....0 &» AT b e e P53 &1l il i g 05, 0O
27 A dar g
0 RS T 09Ty O AT e e gall jaall Jadd A pusts O
23 iea dar 5
k) P Y TPV B S e Sl 28w F SO
2o a Lo g
38 e g . s wee ms w siecs siem weein me HRLCURS RN,
2y En dax g
ke L3
F TR U CmJZL-lQl iedl O
B3 e e e e S 3 Jad oW a0
L O T B Ls): ga aelia O
0. o e e e M U sl fef O
O (,Jj)l,u i ge 15, [
X TP R u\_,,,iwl}.ld.m.\,w O
. I T R R J.-U- QU)&‘C—@‘D
Rl St i ) Zogll 2ol Jles) Syl O,
62 ... ... ... ‘-’JJ"‘.’J"-"’P“"J"‘ e e e e e e e e s e Jt—\.al GALJ...\.“ g;l;‘ ]
[ B u,,l,u,...u.m;....me),Jg.«_f,uu,@\ Lo &lSail Jalae did [
73..... d)f'-)d-“{“-\iw’)h\-ﬁ K ) 4, _,.n‘_;id.-!fl—‘ OLUuaNqu)«u‘))J‘jUw o)y ¢re U
7 WA PUIRT - S il Sl 99 pyuded Ul o8 99m- ppemeSIH fuad [
TOPO- W},S L dasda sl
8 ..., Fhse . V. g!\g__,-d PO a i ‘50 d_,:‘)‘ oAl d dl QJJ}.H olales O
80 . ... Grall iy desma 3. L uLa-.ng....-JAMszJ-\)h.\\ C\.;\?,u\}.._\\
Wy Ll AR om0
83 .. ... ... Oy Ayt By, .Ja.u_,:l\ ﬁ‘\'\ JES Ty idke «¢551 rb ;._,f 9 go Sy 30

http://serversmiso.aecs.sy Gl sladll alai (i€ A ) 4500 AEULY) Aa



(optall o Zagll 2oy Jlash) daakadl 2

92 B gl 2l CO, ) 42l ) il [
gl gilase (Lainie bav—Jle Lis)
93....... A dere S At Bll . L Natil p EUIND95 dacl) &y jony u W el i [
Olabw plan Jetald ols},:i, 232- py ) Bly
95, i oA a3 il gowe Jo Lisall 2V S 5y ke g b O
C12EO, alszmal) 5 Sl
9%. .. .... oy Db« agB oy 30 v v vt 128 CR-39 45z Ml Lt SO Jlamzd 251850 [
Hlyo pall s ey Tl 3 W)
98. v ol Jlamr 3. Lo WgaVly pas g ¥ Dlgy Sy Sy S 6 plae [
doby My Gl el daw s OgaSH plin plasauly
99. . ... ... O L TR or VI TR )'\Jiligﬂloc,sj (ot jasetsy bl w5 [
83y Jol desus .5 (5ylhy) e o L.s;'\..:..!l sl & O3yl Ogo
100. .« (oS 3 5 Zlsly Gl Aa ST e ) sy 1A b, U O
glathl das il 7 CE I ITTC A RCITRY (LI PRy HE SIS
(Vicia faba L.) Jsdlly (Cicer arietinum L.)
e b S
104 ... L@pTam O, L L RS bW il O
Cop d -3 iy 28 Wl Ay SNy ay S Sl S
105, . e, @ pcadly . St Syl e ol gl 0,3 O
ot Ty 20)
515 o O S daad i 5, plcll ooy yli e SISOV LWL Clasda

@r (LY Bk cantll alusaal Ul oda o6 Jadly fendly pramed
Al p Wes o 1145 ) 4 gt 0 TpglE DY iy et

http://serversmiso.aecs.sy il slaall alai i€a A gaal) 4553 Q8L A



l%

=

©

Ay sl Ay ;20 28Il Aign



http://serversmiso.aecs.sy Sl slaall alai (i€ Ay gud) Ay 00 A8 A



o sl Bl el g Oy

DAL VS pd igr I i
LS damadl AV = 2 — (o] ade
higeea g 3ot
OULh = LlaySy = Gl 58 b dygas

odg of 1, el G 25 o ST o ) 25

dislall Sl Ay el 1y Sy plaadlly Y1 JEST L 4y Say ,,..H Lyl gt Bades |4 S|
Sy Q’b—)l oS plos B () da dr By (GPCs) g gl B3dace ) 5 Ay gy ! \‘J.oulb‘ ot M
o Tdnn Ty o t,bu o o ey (ol @ gy By gl bl Oy 0da o B
gu-UU' Q_,Jﬂw ubﬁaa‘,ghbdl.hngl! c\.ﬁ\&dt‘-—ﬂlwu_yb w\:tuﬁ‘-o}u ub‘,l.u o-huauui‘.tv_”
g _.b,un oigl ool pladll foar dii g \4 S ol Badall gt b e o gl d s o
30l Jomgy o0y Ko dnast J1 g0 oty oy g Ko
Laf Jio JlaS” O3y ke gy Al LY 45" 108U iyl

b el sl (sl gl (el Bl p tieledl) ColSTI

AR

ottt aadadl ol alt i (SEMS) el 0y SN Sy e =1 JSRI
G 0y S il Gt S e (A) Ll 0 SH pls g Sty
by (1) 56 pl (B) il b Bl et ok oA ol
2 il e b (C) Al g «(3) Ay S Db ((2) ablas
B G0 wpl oo dde pledl Bkee e gk (D) g e
G A A LS Ay s i 585 o S5 05 085 0 S A 1l (E)
e o b sk b e 4G A e b (F) ) JS
O et S s g 5 Ay gl e 2T il e i s 5000
BRI O, |

dsle 2 VIS 450 00 S ally ot A Shas pif
Syl il JSo el W e wpts o SN 0 SU
caugaagﬁhqpiwsgjt.c:ublg_ﬂ;@!b oAb
e AN plis Wb i A ol Shad pdE o9
e 0p S O el Ll b old B30 (1] Bl S
o g Sk i LS| [2] Ayl O LS bl sy
T PP IS O W P v TR, TR H PO P
[9-3] Bl By all syl ST e Loty

Ji.-" Lia \_,J.’-J-.Llj lﬂJLﬂ_’u\l e dalsies 4 L‘JUSJJ cg...,.il}lj‘
™ J:A‘,)g.u L o PP g'J\ Aalall O_,gjin 3ola fL..- hs.
“,zut....a.lua..u;‘,,uxga,.iw {GO) =) 0 S
oot o [10] dppilt pall Zey oSy el 0y S el
g’g""f dy;JS.-udbb JLH g_..’-ﬂ‘ l.‘....a_,l.‘lg.-J.l,-A
s3dnse 0y S o Iyl g Oyl o gy [11] ol 05 S ple
25 B2 wme I GL200 ol 0y S plos - la)
[12] W 5 T. Tanso sl

gl Jgb e Llas GL200 ool 0980 oS gl

i oyl JL&'L.I Pl pmen gp2f LA Sy S0
By sy Lael '.a-‘,h..- LISy Gﬂ Ops o alls (1 Jg...h)
sliace Ly oW sin i o K6 300 Ulyj Lo Lei S8
Loty Tuasdd 2 il Ly oo ST (5 ) i 6 e

Aggetl 3433 BUalh dza - el dna dexr 5 . Science, Vol 200, 13 October 2000 ( JUill Us 12 5

http://serversmiso.aecs.sy

e slaall ala i



2001 (Jﬂl Opls= el g 2ny —Ogatly el saall = 35 e Al

i.lJ\_,u i Oy).-...{ C.-Mj 3 (CJ[,:\,L..J‘UA puTS Jil_, :\:JU
.;.gu.h.im,,ﬁmu_bwlb“wuwu;w,mg
E-J)dY‘h-hL};t-c‘gJ‘J (2DJ§.JI)uJo1500 S fa
GPCs Syl 3 oo sl 3 Blie Budns o J) 5ol Lo (g5t
Ly gl O A ApU bl opld kB e

5] Biie gy poen

all) Shlae gh.,, i g ol 0 S 55 O
o:b(-L.U,.qu\»@[M]La,uM..uo.x_.l!L‘JA..qu,D
Lo O} Ade G Wlary Ll D dlas  ewly 53 Do
AR Cad Aanly e [yl b asles GPCs oo o) el elall
sadaclt gl Sl 0 L3 UK gall Ol e Cades
U D dlae Uy Lailf A58 093 b e ol
s S 2l (salm] L amis jo 0 ) G Llasy lan
g‘ JUt e WS [14 om™! all FWHM g-.h-ﬂ Llgl Cae
o ol e Ualy M5 s S5 [14] gl A sk
PRIy ub}h & o)hl\.u GPC |“sl HPRC I JF LT e
s Jgeadt MUK;Yluljﬂlr»oLf ur,.J-u
oy (@ i 3 Sl S gl e it 5y Se Ol S
S A 5 gy T s (b a3 JSaly U-U‘
TEM J & 0 pize 2 LS (D Glas Dby Bare G Dolas g
(b ik 3 JSaly og3 J LT gld @D JS2) GPC o)

184

270

192

furt

sl & jlastl ldee g

(em™) Ol b5l

(®) 5 ot 54 () o 3ple Bty SV i e Ol e =3 J.(..Jl
RSN RFP Y o) OR R RPN AUV I
dely g fe N Al debos o )5 A em OW NN R
Jelnd 5L TEM 3 SEM jpue &3 g s 5y (S e 3504 Tonzpe)
it Sy Lz e
c,h._h adadll ool all ._,,L o -J_,UI dxry o aalt #D dlaall o.JL.Fg\.g
192, 184 ke Sy llar lim b JUSH o Gy i o83l C,L..,u,. e
16155 1600 1565  Jy> At Tomis Shlaany B3 p0) 1581 om® 'y 1350, 843_,
e ot .,,,,ﬁ)n e sy S Lkl Gy iyl A, O s (et
Sland ot ol s A L G e Al o ._.1,1._.\11 Pt
A.J...-) Gl dset At clidell 4l Lol gl.lvl 9: ol u,.aY\g FPIRY |
oo il G il e g gl ool (el

http://serversmiso.aecs.sy

Sl slaall alai (ii€a

Spld s by .2 S8y TEM S5 09 S0W1 ol e oty
Yt OpS bl Ol Y g e 5 by ey So
At 100 J 5 o 9_..0,-.“ L.;.-Ju.n tla C)]n_..“ 333aze
Gl i e ablis g Slpal o 2yt blas, ‘(D, B,1 js=ly
100 o W jlie 3y (Dy BL1 S8y 30e i (1C S
0,5 OF o8 L(IE JKly dmdav iy S il y <2056 1000
ooba B Clodadl sie Oy didsen mhaadl 2 Ulyj M)
UK&@(D}CIJ‘.—M)Q}MMJ A4 B 7 o
u,,ﬁw Sy gme JE G (2AJ§J\) Tz | ge 2V g
h»h)\i.,.c,h..n aadealt il & 2t Of g.,,dtcu..u RHP
A% | Joas By Lgld e (2B JSy dyglze ey Lodaze
ISV Sl py (IC JSly Sl g o D Bl5 i)
Juiw T oA blsy 2A 5 IF

6 5y Jorp o e JS2 [T S e S
JSdy O sdaie (556 oyl LTS ks 2A 5 ID JlS..W)
o 4 0sSey el 20 S Jl e 4l 3 Al beobsle (2C
Talyy o a0 e hai 35 S e gl oy s
Lo biay i blaeYy 050 5 lace bhaal L 04 2SOV S g
e i) el S 3y oW gV Ld o
Ty Lok oy OF oy gyl (U o3l hiadh O - 51 030
o of GPCs J plasdl Js,JIW.J\,. Al e (2,13] SN r.,..J-n
Ly duma 3l ga\...c.q_ﬂ,u,msuﬁgu,ﬂmu‘,;d

.

;_‘.‘_ - Ha (& ThL L

(A) ot aoladl et dll gl ded g AP St E -2 S
M e U S ol o Gl il A 5l el 0 SIY & s
Jize (B) ke Badae ol p ipgl o el Jalaiea sl JS Gy
@ o dpld 055 ol ol cadlf Gk e O G il g2
@) 5 oy
S gl spe ib Jo gl e ‘ef ot ) g 2 o 35

1 (TEM) Qb u,,ﬂ}n e Bppe (C) g2 Al glaill
yhOMwﬁlr-JLd L e ulfq...ldmc_,hnﬂ Badazs

8

2y el A, 3L Aisn



SV = e ol cilp 2 L

gl 83dat dais Byl bl bnjlzst (Ss Sy i
(LSS ey ) cdle oy pia

B et U e lglall am gt ol P18
aadailt & b O o ks planadl Baiadl) oAl o1
pidl thae flaf (LAl 3 adl CHON) S o o5 b
& ddt e Mo All SlaS 24y P23 -2000°C Zr il e
& dae Iyt A gl (EDS) 620l Bllalt dilas O sl
o Ol adaiy IV [22] (W ) B ooy W cpledl
o5ey Aeladly bl Ldadt JSEN 63 Oy S BLo
IS s b (sl () STY om B g g
1231 A e gl SIS ey O dielad

Lalidly (s, sla) a0 I€ 5 GPC ) o oo 0F Sty
ALy (1B JSy A0 il o e JEBW ) el
2000°C i, Lo o o) padlly AU I Sl L0 IS8 ks

LA L W W e e L W A L

-(~1000°C)

Pl Wy W el S e 0 ede
[12] 62 byt Jamsy Wle Ul Tl llFy gois ol W
g 0 S0 It ) o5 A
bftﬁu Op S okd s ahai ) Sl ed JarsY
Wl bl Ol g Lz o lldd 4 6 L2
R C RV P - BB RN ) REREPEN S PEW Y
o &l e (st s sy oo ) els) Tonisly S
JSCadly S gy ot u\.__.,uua.,u,,, Oy il i
st oty & J»)J WS e bl il p3a 1515 U.q (1E
JY de 1 0,5 o eds GRC U u‘uU g 4] L
Y P P RCT PSR Vs P K L pe s
W& ([1] 20 GPa Ji,~ &tdly 800 GPa  Jij> Young &ix i)
pld Lt A Lol (o Lol Al (gl a5 Ly
oo Ml 5.8 GPa J| Joai 35l o5 | GPCs 57 Usiaas
o .l Lys 1 GPa y e 05,50 32 GPa ded
Jy,g-“ ‘a" e o L ¥ A ;i GPC-UC} :\lg_,-lﬂ oYl
C)]a..." Badad) 3l Jans (w,Jb L& 49 4 23 GPa) oyl
'......:Lm gl)]n.."ﬂ L;,Ul u).-\ﬂ o HFR ul.d 3 gr GPCs U
JSy Tmnadin Coget o 3f kil T Yy At 5
oo Bl oS el il 3, GPCs A pdsT1iSay 24
W o hadly Tl sladlt SUYY 2l bV
iy of GPC U & DS Sl ader Y el
c.a_,‘_}-:dtﬂs.aq GPC-UULI’G:)UL’JlL_S)ﬁqulL‘.‘AJ
i ey (10 JSaly i Oladl Jel e Taadl g G
ol b)!r.J\ Bl atgd ugl ‘LJ)» 3 blall U‘J)‘J‘ 9" - LJ\:-
P e & e bl R b clid e Ulse Wl St

WSS e Silae

http://serversmiso.aecs.sy

o shaall ala i

OF WS 5 2700 cm™ Aple Lé LW Ayl e 49 Glas
3 3 LI L U cimal] Slbianll r 2y G il A Gloas
o pb Sl g @ 'y «184/192 cm! 5€LJ‘ Lo C“"-’ J&
aln J—- = of ug‘ []5] Sadl s I 4 Ul «_...:LN| JL.H
ik [Sag LBy @dadl dagly i e i ST 13 LB
.(TEM gm.m:}i_m) 3 S G e g LS ..,._, il g
S Ty g WE Gl 15) e )ib) Sl 38 il
el (56 0.6) =tull 3y )u, il G q,\_u .....;Wl
fly B Bt e e ) Ceq 3aill 451 i) g
iyl e s Yy I gzin dygb Y 0 Adlee dey 2ol
gl Lo ot S Je ol et i [16] 2000°C
3doa Ay I3 C B i i) LS .[17] 2800°C
[17] 2200°C B plll dio \gniad (5 O, SN oo Jas b L2
Ly D dlar 3ymy pas (lipd G Rlas) 0L, auai S fs
ol u,,ﬂ)h Sl pmay @ Ayl e St S 12 ik e
Ly etV e e T el s3duddl gl Al oy 0,55

[18,14] 3z¢ D lae L.A; ‘;H Oyt aadaddl

3 [8] 3000°C Gyl wie s alh 0y S O Say
o ik G Op S Slidb ) Baledl el A o)
J,x, S end Gz A G el G A GPCs I jlas) gl
4.-| P O = IR P P e Ja L colsnda dahu
WA o DAl Je e e ol eadll am By (Jls
& o) el gl apmy 0y iyl 4 @ O WS
Gy .184/192 cm™ e 0Ll Sllas Jo s b Al Ol
o 1197 g3Vt Sdadl hapudl 0y S lagur Sy il
Bl 5 L D lar pas A it 3948 GPCs ) g Ay
.ol

GPCs ) gdady fprall i peld T3l B 1R K20 G
&~ & bk el o £U 4udll GPC U 46 ) tuuhll u[
@35 gl dny jaten Slly padl U e Bl & A.La\ﬂ aJ_,L,“
4L.t§5|u1j,u1,;§.'_}..¢,.¢uuuul>.u|¢u;mul
u!,-..-_, [20] ul_,la...-Yl onsis et u\_,_,b a3 sl o A.wLJI
- 3 @ [21] g oo p phain L G ‘-x.l\“ Sy
Smdans Ob o iy STy 0gmy dame Ld GPC ook LY
S5 e Y fokdl Bl G dms clas GPCs‘JI
‘;'l)h_ay|

Op SN e bl S Ll JUk o O Ty
o Slagmn J.g....; Ay i gl & Sl 3ae & ngJ)L)U\
GPCs 3 0f . ypodl Gl Oyl adaze o Gilge ot 13
ks s giall o gat LY S aadne ) M.-u u.,
Y W} oW Al e Lo Aalally Ggall ot A C)L...
o Ryl 1S W s S oLl Badadl 3 U R

2y gaall 3 ALY Ao



2001 (01 055 - g 320 —Dgmety ol sanll = 33 e e

Glagr 0 S oo i BLop LW b s Jen

W adp iy pa dmly ey S ] WSS oo 4 gme GPC

ATt ot ad o 3 ol s 5y pma LS,

3N G g pmmt pSos Shard oda e o Ll

MSay ST sl o Sl o 6B (203,50 5 JIp) (b

o o 2t Y S b i of KoVl o

Jyatt (Ss Yae &l GiF U 3]y dgatlis BV pe ol

B o D W e ey Gl Gy e 0 S Lo

REFERENCES 8' )U

[1] R. Bacon, J. Appl. Phys. 31, 283 (1960).

[2] S. Iijima, Nature 354, 56 (1991).

[3] Polyhedral carbon nanotubes have been reported (4-7) but
did not receive much attention. Faceting of vapor-grown
carbon fibers occurs after heating to 3000°C (8). Of all
carbon fibers, those are the closest to crystalline graphite
in crystal structure and properties. However, faceted
carbon whiskers have not been reported. Partial
graphitization and formation of polygons was observed
after heat treatment of carbon black at 2800° C (8).
Polyhedral nanoparticles (5 to 30nm) made of concentric
layers of closed graphene sheets with a panoscale cavity in
the center were produced at very high temperature in arc
plasma (9). They porvide further evidence that nonplanar
graphite crystals can exit. However, transformation of
carbon polyhedra to onions under electron irradiation (9)
suggested their instability. No other polyhedral carbon
structures have been reported so far.

[4] P. M. Ajayan in Carbon Nanotubes: Preparation and
Properties, T. W. Ebbesen, Ed. (CRC Press, Boca Raton,
FL, 1997), PP.111-138.

[5] M. S. Dresselhaus, G. Dresselhaus, P. C. Eklund, Science
of Fullerenes and Carbon Nanotubes (Academic Press,
Burlington, Ma, 1996).

[6] S. Tijima, P. M. Ajayan, T. Ichihashi, Phys. Rev. Lett. 69,
3100 (1992).

[7] lijima, Mater. Res. Soc. Bull. 19, 43 (1994).

[8} M. Endo, R. Saito, M. S. Dresselhaus, G. Dresselhaus, in
Carbon Nanotubes: Preparation and Properties, T. W.
Ebbesen, Ed. (CRC Press, Boca Raton, FL, 1997), pp. 35-
110.

[9] D. Ugarte, in Carbon Nanotubes, M. Endo, 8. lijima, M. S.
Dresselhaus, Eds. (Pergamon, Oxford, 1996), pp. 163-167.

http://serversmiso.aecs.sy

e sheall alas i

e L A et daindt Syl e 3o geme GPCs W JiF

fod clm ) Jf (251 gl S uam o 5581 ¢SS
el g o T e S Sy o26] 2 oW
AU ing Wy S oy of 5,;&..1 A e o ek U
ws Il B B0 Y Ak d gl ST e 5o

Byl e sV Alealt 5 Bl ot L e el of Se
gl ol DLy ot il e o e e gy Tl

[10] A. S. Fialkov, Carbon, Intercalation Compounds and
Composites on its Base (in Russian) (Aspect Press,
Moscow, 1997).

[11] K. Ray III and R. L. McCreery, Anal. Chem. 69, 4680
(1997).

[12] It was made from phenolic resin by carbonization at
2000°C in N, atmosphere at ~ 10 torr. The density of GC
was 1.48 g/cm® with an open porosity of < 1%. Its
microstructure and properties are typical of other GCs.
Total content of impurities (Si, Al, Ca, Ti, V, and Fe) is <
100 parts per million. Hydrothermal treatment under 100
MPa at 750°C for 24 hours dissolves the GC matrix and
allows for separation of stable crystalline structure
contained in the pores for TEM and Raman spectroscopy
studies. The composition and structure of GPC were
examined with the' use of Raman spectrocopy, which is the
most powerful technique for indentifying carbon
allotropes (14), and electron microscopy. A. Renishaw
2000 Raman microspecirometer with an Ar ion laser
(514.5-nm excitation wavelength) was used. The TEMs
used were a JEOL 3010 (300 kV) with the lattice resolution
of 0.14 nm and JEOL 2010F (200 kV) with the lattice
resolution of 0.1nm. High resolution in the scanning mode
were achieved with the use of the JSM-6320 field emission
scanning electron microscope (SEM). This microscope is
also fitted with a Noran Voyager EDS system with a light
element x-ray detector analyzer. Particles were deposited
onto a Si wafer or polished aluminum sample holder for
Raman and SEM studies, or onto a lacy carbon grid for
TEM analysis. Raman and SEM studies were also
conducted on fracture surface of GC pieces.

[13] M. Liu and J. M. Cowley, Ultramicroscopy 53, 333
(1994).

10

4 el A 30 8L A



SV = ol dalene gt p L

[14] M. S. Dresselhaus, G. Dressethaus, M. A. Pimenta, P. C.
Eklund, in Analytical Applications of Raman
Spectroscopy, M. Pelletier, Ed. (Blackwell Science,
Oxford, 1999), pp.367-434.

[15] A. M. Rao, et al., Science 275, 187 (1997).

[16] D. Ugarte, T. Stockli, J. - M. Bonard, A. Chatelain, W.A.
Deheer,in The Sience and Technology of Carbon
Nanotubes, K. Tanaka, T. Yamabe, K. Fukui, Eds.
(Elsevier, Amsterdam, 1999), pp. 128-142.

[17] H. Murayama and T. Maeda, Nature 345, 791 (1990).

[18] H. Hiura, T. W. Ebbesen, K. Tanigaki, H. Takahashi,
Chem. Phys. Lett. 202, 509 (1993).

[19] R. D. Heidenreich, W, M. Hess L. L. Ban, J. Appl.
Crystallogr. 1, 1 (1968).

[20] E. J. W. Wittaker, Acta Cryst. 21, 461 (1966).

[21] Y. G. Gogotsi, V. P. Yaroshenko, F. Porz, J. Mater. Sci.
Lett. 11, 308 (1992).

[22] T. W. Ebbesen, Phys. Today June, 26 (1996).

11

http://serversmiso.aecs.sy

o sbeall alai e

[23] C. J. Brabec, A. Maiti, C. Roland, J. Bermholc, Chem.
Phys. Lett. 236. 150 (1995).

[24) K. Tanaka et al., in the Science and technology of Carbon
Nanotubes, K. Tanaka, T. Yamabe, K. Fukui Eds.
(Elsevier. Amsterdam, 1999), pp. 143-152.

[25] S. Thara and Itoh, in Carbon Nanotubes, M. Endo, S.
lijima, M. S. Dresselhaus, Eds. (Pergamon, Oxford, 1996),
pp.77-85. '

[26] E. Osawa, M. Yosshida, M. Fujita, Mater. Res. Soc. Bull.
19, 33 (1994).

[27] Supported in part by Campus Research Board of the
University of Illinois at Chicago and the Research Institute
for Solvothermal Technology, Japan. The electron
microscopes used in this work are operated by the
Research Resources Center at the University of Illinois
at Chicago. The JEM-2010F purchase was supported by
the NSF.

4 el A 30 8LLaY) din



FONE A ) DU e cagly

g 18
(68 Knightshridge London SW1X 7LT) pysl sl dgas

-
gi M pu

AR Ol o d-hugi

\

5 v y pgly ol e daseaall b Bt oy o din o8 e et g 581 O30 041 5L

o1 Sy I oty bl oigh Bl GG S sae By (il Sy Calalal) plaly AT 393 50
Jots Y Ay aldl Aot falgall on st el i-lee g gty gl e dma b t‘-" PR i 8
Tt 3,1y Bl uly Sl e 35 Sy by dae il o ol oo ) B g
dabsudl oMol Sldes cudaddl 3 b (8 glasny dglas Ay M oda o o B gy ablally ! Ay iy
W) g St oy Iy I paliy (30 o oyl gl ST B U

e y E&“ Chdg i) s pad el Al te’.&l‘ i § Lf},i")}g cEl.’J! el e skl ST

AR —

B

UCL o S obnm Sl play 00 S o g gl 2l
Sl i Jolis b ot e o 0 Ty B pyeelipd) oo
23Sy paligdl a Bab dt ey 65,1 ) Bl e AN plial
s\l oF Ll Cakesay L_s.il! Df'lu._.l‘ Odas (B gruann AT r_,._..»l:_,._]l

s el e Tl o et

S il (5,08 )l ool 3l (1903 e iy
RO R Y P TER O LU )
(b 3 Tany ppslyodl e B e Bl Uyl ] ol LS
Bllall e paslypl ool clglisdary dygpdt Bl s
B3t e g Sl e ape J) ol b a0
eVl Lo Akl o g al

kaal JI B

21§ ity padppdl pind Lomse 55 polb il b am g
Wa g 1S e T Sl 2 e %32 0 Ll (Il Jpo o
I 3l ) Ml A GY) B o %84 1 0F 1 Jg) oy
Aty oo b 18 T 0y e Jp> 10 o0 S 1992 ¢
e 3 SN A0 2 J g sy e (CIS) Windd gl
A3y 1992 plo B lgorls] o T paslypll ook B alal
Eoms reantin Joilly el 35 il gl 1} 25Ls OF J god Lia
%30 of WS cdads IS 2 10 opr MW oW e 0 %67 S
b e g‘-* e

&b ddls

‘_;U.'YI Pl L3 e 1789 ple 3 Jﬂ pa sl Canas)

by it 5id By oy (B oot P LR R T S
Futwwwdﬁwhudu&wu’dpo\f
J:u_i.l.-..p\.u) _‘J_:J\AJJ”_.,-@U\:-«,UM JL..M«\F gt
Al S S ity o Dl 38T Rl of =3 )
<l ) “pitchblende ddbiz” b By Al eyl Al

.(uraninite

S ol b g e g altall o 0y S (B

Lzly (U30) ol oy JK25 1 ol 1 il U S
i gl gy e e o 5o ) bn 0 20 3
3yl Bymn 1 Jaol BBy Lt o o Rl By ey
Sl izt baey 00l a4 e p T 4l e e L adsy
e WSS e ity el e Gl 6LaST) el el U
ool Wbl 3 aloea 5 2l OISy e ot ity LSS
1789 ple or ST 24 gty p g el e iealsY)
AST iy a2 BE A aalll aie 0L slized sbe Lie 50 Y,
184] ple o> Ui ,A' JBy 5 pydlypdl o (UO,) padl) )

Jj& o EM. Peligot yacds jyetde p ) L_}..J,.Jl oJalt US: lekze
LOdall

o ,in o (UCLY JUS pyhipd )87 of gaddy sy
ol Ll aed 1 aallt Of puoced ey collh pr alotis e 4,8
dips) Ko Vil gt 48T daad 3 Sl gty

e 5 Bl dss = Ol ol dam S A Gas § . The Nuclear Engineer, Vol. 34, No. 1, 1993 dbne (5 JUll Us 25 4

http://serversmiso.aecs.sy

la glaall ala i

12



SV - DI ) U et

psityll coies G b
CJ’"U r..h.i\ Lo oyl pcll J.J.m “’1 L-I.Ju.....iﬁ"a'i oy Jall 0|
& i il 3 JJ.H-I. ¥ C“"J" Llay L|_,.=‘,3!I g o L,;.L.-.HlJ
e 2l W A G N (R ‘.:-LU
b oy uria..ll- Bagdoa JIg Mo e}ll l._‘i cphadl _,1 FHEY |
o o g 5 ) ) IS e L damy g
s 53l Joriy g1y sy g 5y LS (B Sl
eV el (gl phedl) (5 gl gl g5 o LA 36
anl) (g3Ladt JE ooy (prp L oS S Bl
ey Jo 5eS peadl 3 hab U e ddladd i s
JW Wy otttz oudally gl Ve dad
e sl (sabasl ) st ISe iy I3 gy 1) g
o gy AU e e e el o il Bolo dud sl

1992 gl 3 paslypld Tmally clall (s o S gt =1 Jgadd

Wzt e % 1992 plo 7o iyl
(TR IT )]

2.5 9385 [FE3
10.3 2965 !
8.7 2500 Ol S JOemssl 187
8.1 2346 izl
7.6 2200 lumyy
74 2127 ij
72 2070 OleSnrlle foleaSyj
63 :::: LY samd) AN
63 i pl g
59 g’a sl
84.1 &
100.0 s (A f gl

(5o dgme 1praalty

‘le _}l .L!-U L” * t-'sl-’i‘ ok ot 1:1.1‘... -‘\.L.&AJ lJ)g-T (I;:JYLILJ fJE‘)):U l{—"hllu—--’- df r“‘“ (5):—"‘_)‘ Jﬁj‘ JJ-I“ QKJ.L“ -2 d)&‘
C—-:,- Jp ol ;A.'I'LI.U sde Llg 9, J ,_,;nlu t-.--.-J J...mlm.—“ 1992 ple  §
e o J,\h oy 31 & .\.Lp Ju g. LS o.x,...u ,,..wl, z9Y o % | 1992 gl alt g
|
J{_.} C;f s J).L,- gb A.JL'J-LN-L‘ ada g LS 1992 .’L'-ll (CJJ‘JJ!OB)
FHY r\....i\'\ u‘J’ Jae d,..lll s Lf“ CJ’-JJ‘ k,""-’ f\.b-..uY\ 15.0 5200 s Caneco
'fﬁ‘)):“ Slals c_..au} R S s 12.0 4200 i p Cogema
7.5 2600 ey Uranerz
Uﬂ‘ p"—“-' ;,e-\ﬁ" 73 2500 T KATEP
- .. Lo e . s ] K o 6.4 200 Ao § ) Priargunsky
e u\n.p{-\l‘ d)g:' Ls -C)"‘“ 1“"- = :'J_"h"“.f - 6.0 2070 Oyl Navoi
-|J]¢ c..a‘, cilidies dowsdios Ly o a;l_..h M.Jah djg‘d L-..L‘.PJ a7 250 il iy Diamo
vl Ju\.!a“ ‘_,a'\}]a u- J.F‘ uLn..a\'\ o A’UA C).A‘ ‘..n_lb d.h..“ 13 1145 U‘;—'i ERA
B3y J.N\ aalll ols zd WM om uﬁ: LS ;uo)Yl 30 1070 iy~ | Anglo American
. .. . . 2.0 100 s RTZ
4:-|) w}a .LI-L“’ r.,-.nr..o-ﬂ-!dfu CUU-‘P..-’--XJ-L{-J}!_, p 286 w‘
rJﬂ.F‘ L'.‘?‘J’ U\.D u.)Lan..U L;...Jl PJJ_‘ [ s I L.JJJ-‘JJ ubw\ 100.0 34421 ‘.’“.“ t}“é‘
r..;.aJ\ UK \‘KJ J.LI.J‘ 4.1...‘- JF M:LAZOY‘ A.JL..:-Y‘ ...al,.?Ul (o dgne ©all)
i g A W 31992 pld ¥ 5l ol -3 Jyd
SW B o % (U k) 1992 ple Y e g g i el at ool
15.9 5461 e pmis CamecojUranerz e Key Lake
6.3 2154 s o f [r st pone CamecofUranerz las Rabbit Lake
58 1977 o el Cogema e Akouta
49 1692 Ly g RTZ yppeli Rassing
's 1189 (o) st U WMC/BP e Olympic Dam
3_3 1145 ke e ERA iz Ranger
] 1070 (23) Syt gU Anglo American il o Vaal Reefs
i 988 ke e Cogema e Arlit
29 885 P (U P Cogema ey Herault
26 805 oo of [ gie gmie Cogema iip La Crouzille
23 17166 AWl g et
S (52 Mas 2 pinall)
13
http://serversmiso.aecs.sy Gl slaall alai ii€a o sl 45,3 AEUAY Ria




2000 (W) 58— G 1,25 0gmdly ol il — 5 oMo o

Slje Aty U o W e F Jaug pH i )
B Oy Do Aaty o Sl ol ol S0 L s 3K o3
Jdelas SoMae DD

oo o el Taad UKo G bl oLl plonl pensy
‘éiuu..r- oS dale AR ) f"""“u""‘” oihc.h:}
6 el T LotV ey dpdl lnhes 23y LU
WSy JJYic.\ﬂ.-g..s‘—r:-Uh;ou\,u_, cffb‘,ﬂug.lu&l.ﬁ
Jid gl il elga o G Olnd ps daded £l ey
r.ga-_h .hu) U}b\)‘ JU P:‘j d‘ c." JJJJ @yu‘ 0,(' ujl
ailowal) Uy, Tl Juall ghan § plad i Sl T 30
(,.v_-Ll\ Jleal Liziduia P Sl L}ﬁ

G B ot gt

- (3 Jai in situ leaching S g el e By b o
2N M S gs i 15yl gl B L) Do n 3
L f}.;luﬂ O 0554 Of gy -y peamms Jlt oS pais
C"‘ 2 oda OF oy e pall el GG Jay Ablald) J.'b &y o
PRV b e gl dze Olad g oo gl B | Bl |JL,-
RPN LWL F LR S PRV VS PRPR V- L PO g o cidiia

Iyl gAY 2] My adh S Jlss) i T it
gz (5 ey 035 800 ) Wias 3 WY1 o Juaty gl ity
@5 JW oSty LY o L s oA e oSy PVC B aaks
ORI U IXPE PR AR S U AV C g E St
oo B3dn Uy S8 oy UV ity AW o saslll
i JS L o Bl Sl iy ) Sl O ol
N g shaly adadt

ol 5 The 5y Wl oWl Wy Jasdl S
ol Pt cuU‘-\ S dmy oAl g Las . ol @ e
lineld 3¥1 bl 23, o) s L 3,050 oI Al
Mg Jpond dghon S B lasll am g Al Lol
uL{-\.L!u. |.L.uu }fiu’-}."p ‘-;J’Jc’b’ Ak e QJ d.....u
gz OF et oo My W) o 53 dmy Jeily LS
Al Tzl gl 5 e pamall b ol fal Bale] dhes
¢ sl g1 MY SR g il g5 U I s
4...-‘)&“ sl t!_,NL by slayy Aot q,JI b eady Sy

Wl il
G e painza e gty pdt Slabst bl padt Dlkes ja
G0 Jadaben 1 Sl iy a8 g pad Jelloms 25 G by )
1T 8 0 elgnty p Solll jtemn o ety iyt ot AL Loy
dme o gl Sl il o o ST Gy
L Cay L ey gyttt o g gyt o

http://serversmiso.aecs.sy

o sheall alai e

J‘J r-*-“‘ HRER uuat.‘..\n s ‘qu,t S 2 5y
o.uu.-Jf ;_..Ua.:, 4.-’-.1:” J] uU—\ Ju ‘..a CAidady ‘r,_._l\ & i
el hpy Jo Gigs Al by Oed )

S ek o).‘.s'ﬁl ul)l}l o5 G 9.0 Ledizdl olall g
.,.in Sl L2 o Y ,J...i, Jp uu,, ,u, ub_, = 3 At Z
,sou.la....dl }LC"AJJ‘;.‘U‘;Q")L)‘C‘ uﬁ)‘h,‘ﬁj‘
Bae J.:.Lf f.bu..-u cJ.ﬂ |..b- e d:_,..-Jl c’)\
PRI Y Wiy oty oy bt ae bl e Jebtd
omill Sl alely pazd 5 atelolly gsW ok J) Jad

Jrl om W A s pinad g lall Ll B3]
aaln A.L.a_’ c..li rlg:-l -\.l.l) FALE] c.oy QLL.L M...D.U‘ J_,.bL\ L
Al oSy sz ales Jgy 4 2o achacl Aes g
@LAH u)\-.éb Sl gyl rLb.....nl: Lgaslye -a Solaldd gy
Aoy Sy .ol;l}..l\, Sl \:ﬂf‘, Jj.ﬂb SJL\“ u:«_,‘!)b
5__1._\:-&[ EJYESS ﬂrw Cl-.‘-l loele i“"‘"ﬁ J-LI:-H 5._.1....],..:...#
Ay

ol plonily (Sl el Tooo f (B e Folit Jim 52
gze guoss o Dol an 3 3 ) ol mamy (opohadl ol 2531
u;-ﬁU\c.‘de’.Ht uLLr—“‘uL‘.cLbu\U.gx Lo pilye

e les ;Lﬂ upL’- Ji..u Tonde |,.1 NP R o ua.la.“)

u'ﬂ)ﬁl cla..- S el
P ke oF G gesY p Slesee s
JE& b i) oy DU p f gize e gt OIS
Pl 8 pall Slas gu 11..;,,_, Lpammmy Lol rL..,-lj
JU) o (o — paned
P it (8 g ol e J] ) 8 o2 ol oty
o L & open cast mining uriU et 35 Jay
YRR, IR TR Y (R R penpcs
L5y 4..4-14-1 LAEATT RS SEV r'l..\:-..ab J.I.H) GJJJI it ety
& S e uJ[J..aJ e Yy dilas shaft AJJ.-L- Byl 500
o LM' Az uLm‘ “‘l_,) Sl el pSudy WY\ CAans il Ji-
d‘l J,..p_,!l J>| oo (A Ol Az «JJ:L.J\ ul)h..-\li
PR Taae ol OAeE fatiy Ll Ol e
J!_’U‘ A C’-"j' 4, by room - and - pillar 3 geully HR
LY Cabyyy .panel method <l 4 by dongwall retreat
LSy LSy Al g r,,.,{uaﬂl iy ey g L sy
gl Moy iy (': ey Ui flsl-| TS SRR Pt

I, Lx.--

J‘J’.- ,’u Aoy s...ab.l:-.p _" A._.A.l‘ &Lu‘

14

2y 5 el A 30 3L Aisn



SV = SIE L S e gl

S plysT
bl
l . H,0
el
S A
H,S0,
X | Na2C03 JT
l—:..;H
) 1 -
. TP
Ll e N i an
+ i
il e hined (RIP (CIXc At g ) gl Jols
Eluex oyl Ul‘.*l'-n'—ﬁ
T
- e
; M 2
Jeby MNaOH
l H>0,
Ly ik

}

ety 4T o £
s o pteal e dams 3005 dalaina —1 JR2I

(.:-L‘@Ub-u.b...ilf_,.:bﬂlubb-d-mdﬂ)u 236 | gl
.1992 J,\H 0yls 31 fjle W 4 il Yy alalt U,\J,.n
i et § S Y e 2 Lo ‘,,..&Jy,..a,..!l—l

JSta ball mills SLSH olas b BT %155 2 o L gl
L;,.’Jaj‘ Ja...-) e iV %40 o la; L igi\l}i.“ ",’-U‘ Ql;
RV r.ls.;..ll

J Ao 55 e s Sl pai Sy Y-

G Golach BB 4 Liay (G dadl ple 824 Bl sy
ol dadl Waad Ll o ety drls] adig
bgmd O Jasms Gideas polie Aleall adn 5 SIS L pnnanll
N e ik P LS coshy 2y pyuil 5l i ddes )
S Lasy OIS s of d;: g L aliadly Leaid
i das aasdl Sl ol s',J,'sh 55 A e ol ) Coanall e

W3 e Loge dadd Wigdy g syl o201 SLasYY dnla)
Jey @il J" WS Laibie Slles ol ‘_;1
G Ut e s.sw‘ FA Slles dasdy Lelys W
(gt olyy By JSally @and STy L5l jatladd

15

http://serversmiso.aecs.sy

Gl slaall alai ii€a

Al pasezs pptypdl el e Gl 1Y Ty i
By Mt e oli] Sl o L Bl ey e
Oluailly A S ooty pdasedl Obls Sl 5
ad el g cauty il o Ul paiadt oSS i)
Lt g5 ,i semi-autogenous grinding (SAG) W,  gi3
Hor shaid @ UL Bl LS J- S (AG)
Mt S L e ) op pdemdl ddas iy e
G ol paiy gy gall B B SN o
ol pasaay (el g e S BBy Une ] iee A g
Lo 23Y0 1S 0 JS5 pondald Ty 0yl 15 42

Ay el Ay ;20 Z8LLY) Aign



2001 (oW 0P8 - G 0 2) ~Ogmendly ool sl = 330 ol s

\ &a‘ll
1992 fle 3 pyo 5 ol

The Nuclesr Engineer, Volume 34, No. 1
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Snwo Kuan
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¥in Shan-Lisone
UrEMIM region nk CNNC Combingd Combined AKX Milis: Lianshanguan
Quitan-Cinlng
uteniym region nk CNNC Totat Total BAX Mills: Huxian
Zhungal-Tian Shar
uregion nk CNNC of of AKX Mills:Ururngi
West Yunnan
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Isss Khal In-sity leach PAEC w0 nk L]
ey, Wesi Carpathians Underground RAPMR A NK ASX
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Banat Mis Ungerground RAPMR & nk ASX
s Krasnioxnsmensk Undropen pit PMZC 220 6000 K2y 0% from underground. 30% frem open pa
Ly _,;i o Hariebeestiontein Underground Hprebeestiontain 262 350 ALX By-product (pold}
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Purification and ion: CIX - ion exch IX - ion exchange. AP - ion by resin in pulp. SX - solvem extraction. DP - dirext precipitanion

DEPA/TOPQ « recovery of ursnwm from phosphoric scig
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Power Cut T T Fuel Gamma
0.00 22.01 23.02 G.00
0.00 22.05 23.10 0.00
0.03 22.25 23.46 0.05
0.28 23.06 24.92 0.55
2.71 26.37 30.78 5.51
4.22 270797 33.27 g.€2
.85 31.21 35%.3¢6 18.25
11.92 33.11 42.75 24.66
18.51 36.68 §9.13 38.50
22.54 38.64 52.64 47.03
23.95 39.29 53.81 50.01
26.81 40.56 56.14 56.10
30.21 42.06 €1.83 63.34
34.08 43.867 62.29 71.64
38.34 45.38 62.78 80.81
42.84 47.12 68.43 80.55

45.38 48.09 68.7% 96.06¢
50.80 50.10 69.55 106.00
56.61 52.23 77.93 120.80C

59.77 53.39 78.53 128.00
£€3.16 54.66 79.22 135.80
66.60 56.03 80.01 144.00
66.48 58.17 82.17 148.20
63.25 57.82 82.35 142.20
60.25 57.40 82.44 136.30
57.34 56.94 82.47 13G.60
54.59 56.48 73.83 125.10
51.94 56.01 73.92 119.70
49.43 55.54 73.90 114.50
47.06 55.08 73.88 109.70
44.80C 54.63 73.84 105.00
42 . €5 54.18 73.81 100.60
40.61 53.74 73.76 96.38

38.66 Sippcl 67.45 892.39
36.82 52.88 €7.41 88.65
35.05 52.46 €7.37 85.15
33.37 52.05 €7.32 81.8¢
31.77 51.66 67.28 73,24

30.26 51.28 67.24 77.45
28.85 50.7¢6 92.44 74.34
27.37 50.15 91.36 70.55
2€.07 49.60 90.39 67.23
24.79 49.05 89.39 63.97
23.46 48.4¢ 88.33 60.55
22.32 47.95 87.39 57.€3

21.15 47.40 86.40 54.61
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(8-23d) 3355146 2927+£102 2338+ 58 1766+ 71 71 3569+290 2416+ 34 1908+ 70 1503+ 47 107
(24-28 d) 3288+104 2296117 1846+215 1688+104 192 3492+ 84 2692£658 19724102 1546+ 48 451
(29-40 d) 2617+380 1893121 1578+ 79 10924221 191 15724516 1526+208 1446+184 1484+126 247
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ABSTRACTS OF THE SURJECTS PUBLISHD IN THIS ISSUE

In the third experiment, 75 females were used in 3 groups, S, P and C. Detection of pregnancy was done using
ultrasound pregnancy detector, 50-60 days post mating. Females in group S showed oestrus signs and were mated
within 12-48 h post sponge withdrawal. Whereas, oestrus and mating occurred within 19 days post the second
injection of prostaglandin for the group P, and within 16 days post the introduction of bucks for the group C. Using
ultrasound pregnancy detector, it was possible to detect pregnancy, 47-61 days post mating with an accuracy
of 93.3 %.

Key Words

reproduction, pregnancy diagnosis, progesterone, radioimmunoassay, Damascus goats, sponges, prostaglandin,
breeding season.

»_A short report on a laboratory scientific study achieved in the Depastment of Agriculture, Atomic Energy Commission of syria.

NODULATION, DRY MATTER PRODUCTION, N, FIXATION
IN FABABEAN AND CHICKPEA AS AFFECTED BY SOIL
MOISTURE AND POTASSIUM FERTILIZER™

F. KURDALIL F. AL-AIN AND M. AL-SHAMMA
Department of Agriculture, Atomic Energy Commission P.O. Box 6091, Damascus, Syria

ABSTRACT

The impact of three rates of K-fertilizer (0, 75 and 150 kg K,05 ha™') on nodulation, dry matter production and N,
fixation by fababean (Vicia faba) and chickpea (Cicer arietinum) was evaluated in a pot experiment. The plants were
subjected to three soil moisture regimes (low, 45-50 %; moderate, 55-60 % and high 75-80 % of field capacity). Water
restriction drastically affected dry matter production, nodulation and N, fixation by both plant species. The effect of
water stress on Ny % fixed was more prominent in chickpea (11-58 %) than in fababean (68-81 %) under low and
high % of field capacity, respectively. Plant species differed in their response to K-fertilizer in enhancing growth by
overcoming the stress conditions. The higher level of K fertilizer increased both dry matter production and total N,
fixed in fababean, but did not have any impact on chickpea. % N, fixed, however, appeared to be unaffected by K
fertilizer in alleviating drought stress in both plant species.

Key Words

potassium, water stress, N, fixation.

* A short report on a field exploratory experiment achieved in the Department of Agriculture, Atomic Energy Commission of syria.
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AALAM AL-ZARRA, N°. 76, NOVEMBER/DECEMBER, 2001

TITRATION OF AMMONIUM CARBONATE,
AMMONIUM BICARBONATE AND AMMONIA
BY POTENTIOGRAPH METER™

J. STAS, S. KHORFAN AND W. RAFOUL
Department of Chemistry, Atomic Energy Commission P.O. Box 6091, Damascus, Syria

ABSTRACT

This work shows the possibility of titrating ammonium salts (carbonate, bicarbonate, carbonate + bicarbonate)
by dissolving a known weight from it in double distilled water and, then titrate it with hydrochloric acid standard
solutions using Metrom potentiograph. This method is fast, accurate and enables us to control the molarity of
ammonium carbonate solution used to strip uranium from the organic phase 0.3 M DEHPA + 0.075 M TOPO in
the second extraction cycle. Since any change in the molarity of ammorium carbonate (0.52 - 0.48 M) and ammonium
hydroxide 0.05 M causes an emulsion, which is not desirable in solvent extraction.

Key Words

titration, ammonium carbonate, ammonium bicarbonate, ammonia, potentiograph meter

« A short report on 2 laboratory scientific study achicved in the Department of Chemistry, Atomic Energy Commission of syria.

CONTROL OF REPRODUCTION, PREGNANCY
DIAGNOSIS, MONITORING OF PROGESTERONE
SECRETION IN DAMASCUS GOATS”

M. R. AL-MERESTANI
Department of Animal Production, Faculty of Agriculture, University of Damascus, P. O. Box 30621, Damascus, Syria
M. ZARKAWI
Department of Agriculture, Atomic Energy Commission P.O. Box 6091, Damascus, Syria
M. WARDEH

Department of Studies of Animal Wealth, The Arab Center for the Studies of Arid Zones and Dry Lands, P. O. Box
2440, Damascus, Syria

ABSTRACT

This study included 3 experiments and was carried out on 228 female Damascus goats. In the first experiment, 75
female Damascus goats were used in 3 groups, sponges (S), prostaglandin (P), and control (C). Oestrus appeared
during 36-72 h post sponge withdrawal, whereas appeared during 1654 154 hours and 9.5+ 4 days for the does in
groups P and C, respectively. Birth rates were 217, 191 and 178 % for groups S, P and C, respectively. Using
radioimmunoassay for the determination of progesterone, 21-22 days post mating, it was possible to diagnose early
pregnancy, with an accuracy of 90.5. This accuracy increased to 93.4 %, 40-44 days post mating.

The second experiment was performed outside the normal breeding season. Seventy-eight females were used in 2
groups, S and C. All treated does showed oestrus signs following the treatment, whereas, non of the untreated animals
showed any sign of oestrus. Progesterone level, measured in the control group, indicated and confirmed the existence
of an oestrus period during June. Progesterone level was very low, averaging 0.02+0.03 nmol/l, indicating no active
corpora lutea.
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ABSTRACTS OF THE SUBJECTS PUBLISHD IN THIS ISSUE

THE EFFECT OF NATURE AND CONCENTRATION
OF MINERAL SALTS ON THE CLOUD POINT
CURVE FOR C;,EO EXTRACTANT™

M. ALIBRAHIM
Department of Chemistry, Atomic Energy Commission P.O. Box 6091, Damascus, Syria
ABSTRACT

The effect of different salts, sodium carbonate, sodium chloride and potassium chloride was investigated on the
cloud point curve for aqueous extractant solution Hexa ethylene glycol mono-n-dodecyl ether C,2EQs.

The results have indicated a lowering of the cloud point curve and critical temperature toward the lowest degrees
of temperature, when the concentration of each salt increases.

The results have showed that the anion of each salt, plays an active role, by lowering the cloud point curve. But the
effect of the cation is very weak, the importance of this effect can be summarized as follows:

Na,CO; > NaCl > KCl
where the effect of the NaCl is nearly similar to the effect of KCl on the cloud point.

Key Words

nonionic extractant, isotropic phase, cloud point, micelle

« A short report on a scientific rescarch achieved in the Department of Chemistry, Atomic Energy Commission of syria.

THE POSSIBILITY OF USING PLASTIC DETECTORS
CR-39 AS AN UV DOSIMETERS”

R. SHWEIKANI, G. RAJA AND A, A. SAWAF
Department of Protection and Safety, Atomic Energy Commission P.O. Box 6091, Damascus, Syria

ABSTRACT

Plastic solid state nuclear track detectors (SSNTDs), in which tracks of charged particles (protons upwards) can be
revealed by suitable chemical etching, are currently being used in a number of disciplines including nuclear physics,
geology, and cosmic-ray physics. ’

It has been reported that irradiating plastic detectors with gamma rays or UV (Which do not themselves make
tracks) can affect the properties of track registrations on these detectors [1). Many studies were performed to use CR-
39 for gamma dosimetry and UV detection. Bulk and Track eiching rates were used as an indication for this effect [2-
3]). Also, UV-VIS and FTIR Spectroscopy were used to study the effect of X-rays on CR-39 [4].

In this work, the effect of solar ultra violate (SUV) and ultra violate type A (UVA) on CR-39 detectors were
studied. This was done using three techniques: 1- tracks diameters and densities, 2- UV-VIS spectrometry and 3- FTIR
spectrometry. The detectors were divided into two groups, the first was exposed to UV First and then to alpha
particles, the second group was exposed in reverse i.e. Alpha first and UV second.

Results showed that the effect of UVA on CR-39 was not clear using the three techniques. While, the effect of SUV
was clear when using UV-VIS and FTIR spectrometric, and not clear when using track parameters.

Key Words
plastic detector, CR-39, track diameter, UV, UV-Vis, FTIR

« A short report on a laboratory scientific study achieved in the Department of Protection and Safely, Atomic Energy Commission of syria
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AALAM AL-ZARRA, N° 76, NOYEMBER/DECEMBER, 2001

REPORTS

MATHEMATICAL MODELING OF HYBRID CO, LASER”

B. ABDUL GHANI, M. HAMMADI
Department of Scientific Services, Atomic Energy Commission, P. O. Box 6091, Damascus, Syria

ABSTRACT

A Teller-Landau six-temperature model describing the dynamic emission of single mode TEA CO, laser has been
adapted. This model has been also used to describe the mechanism of obtaining relatively high-power output pulses
from hybrid TE-TEA or CW-TEA CO; laser consisting of high and low-pressure sections. The suggested
mathematical model allows to investigate the mechanism which limits the TEA oscillation to single longitudinal mode
(SLM) due to the narrow gain bandwidth of low-pressure section, and also to study the effect of the laser input
parameters on the smooth output laser pulse parameters. In addition, numerical solutions of non-linear rate equation
system of the suggested model are quantitatively discussed. The solutions describe the radiation field intensity, the
population inversion, and the energy transfer processes. The calculated values of maximum peak power, total energy
in pulse, pulse width, etc... are in a good agreement with the observed experimental values.

Key Words
modeling; hybrid; CO; laser.

+ A short report on scientific research achieved in the Department of Scientific Services, Atomic Energy Commission of Syria.

DETERMINATION OF ISOMERIC YIELDS RATIO OF
NB-95 IN THE FISSION OF THORIUM-232
WITH REACTOR NEUTRINOS™

O. ALHASSANIEH, M. GHAFAR, N. SALMAN
Department of Physics, Atomic Energy Commission P.O. Box 6091, Damascus, Syria

ABSTRACT

The isomeric ratio yield and the root mean square of angular momentum of 9Nb (0.65, 7.5 h) from the reactor
neutron induced fission of >*>Th were determined. Thorium nitrate samples were irradiated in the Syrian MNSR -
reactor for various time intervals, y- Spectroscopy was used for yield determination. The root mean square of angular
momentum (J,.,) Was calculated according to the Madland-England model and to the Rudstam model.

Key Words

isomeric ratio yield , angular momentum, fission of thorium, niobium-95

» A short report on a laboratory scientific study achieved in the Department of Physics, Atomic Energy Commission of syria.
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CHANGES IN BIOGAS PRODUCTION DUE TO DIFFERENT
RATIOS OF SOME ANIMAL AND AGRICULTURAL WASTES™

M. R. AL-MASRI
Department of Agriculture, Atomic Energy Commission, P. O, Box 6091, Damascus, Syria

ABSTRACT

The biogas production and some biochemical parameters of anaerobic fermentation at 30 °C for 40 days were
studied for eight expenmental groups of fermentation media, as affected by two factors: (1) the type of the animal
waste (sheep waste, S and goat waste, G), and (2) the ratio of waste to olive cake which constitutes four levels (100:0
for S1 and G1; 80:20 for S2 and G2; 60:40 for S3 and G3 and 40:60 for S4 and G4). The results indicated that there
was a significant decrease (P < 0.05) in the biogas production with an increase in the proportion of olive cake in place
of animal waste. However, there was a significant increase in the biogas production for the §4 treatment compared
with G4, reflecting an effect induced by the type of animal waste. The biogas production amounted to(l / kg VS / 40
d): 62 (S1), 53 (S2), 49 (53), 40 (S4), 58 (G1), 50 (G2), 44 (G3) and 25 (G4). The reduction in total solid (TS) weight,
volatile solids (VS), neutral-detergent fiber decreased significantly (P <0.05) with the increase in olive cake proportion
in the digester. The reductions in VS were (% in DM): 58.2(S1), 37.8(S2), 26.6(S3), 22.6(S4), 58.1(G1), 36(G2),
33.4(G3), 14.4(G4). The rates of energy consumption were (MJ / kg DM [/ 40 d): 15.36(S1), 10.12(82), 7.84(S83),
6.68(84), 14.16(G1), 9.68(G2), 8.41(G3), 3.29(G4).

Key Words

biogas, sheep waste, goat waste, olive cake, anaerobic digestion.

« This paper appeared in Bioresource Technology, 2000.

THE 9 JULY 551 AD BEIRUT EARTHQUAKE,
FEASTERN MEDITERRANEAN REGION™

R. DARAWCHEH, M. R. SBEINATI
Department of Geology, Atomic Energy Commission P.O. Box 6091, Damascus, Syria

C. MARGOTTINI, S. PAOLINI
Italian Agency for New Technology, Energy and Environment, P.O. Box 65 - 00044 Frascati, Rome, Italy

ABSTRACT

Analysis of the Byzantine Primary and secondary sources for identifying the historical earthquakes in Syria and
Lebanon reveals that a large earthquake (Ms = 7.2) occurred in July 9th, 551 AD along the Lebanese littoral and was
felt over a very large area in the eastern Mediterranean region. It was a shallow - focus earthquake, associated with a
regional tsunami along the Lebanese coast, a local landslide near Al - Batron town, and a large fire in Beirut. It caused
heavy destruction with great loss of lives to several Lebanese cities, mainly Beirut, with a maximum intensity between
IX - X (EMS - 92). The proposed epicentre of the event is offshore of Beirut at about 34.00°N, 35.50°E, indicating that
the earthquake appears to be the result of movement along the strike-slip left-lateral Roum fault in southern Lebanon.

Key Wonrds

seisinology, historical earthquakes, historical primary sources, Lebanon.

« This article appeared in Journal of Earthquake Engineering, 5 June, 2000.
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AALAM AL-ZARRA, N° 76, NOVEMBER/DECEMBER, 2001

SEPARATION OF *™T¢ FROM *Mo BY USING
TOPO-KEROSENE SUPPORTED LIQUID MEMBRANE"

T. YASSINE
Department of Chemistry, Atomic Energy Commission P.O. Box 6091, Damascus, Syria

ABSTRACT

Transport of **™TcQ, ions across TOPO - kerosene based supported liquid membrane was investigated at different
concentrations of phosphoric acid as a feed solution and different concentrations of TOPO in the membrane. Where
0.9% NaCl aqueous solution was used as a stripping solution. The flux of TcO", ions across this liquid membrane
vared with the concentration of both H;PO, and TOPO. The best permeability coefficient was obtained at
concentrations, [H3PO,) = 3 mole I'' and [TOPO] = 0.5 mole I'" (P = 2.08 x 10° m?s). The results were ulilized
for the separation of PmTe from Mo, where a selective and effective separation was obtained since no Mo
transport across this liquid membrane was noticed while a high rate of 9MTe transport took place.

Key Words

supported liquid membrane, technetium -99m, molybdenum -99, tri octyl phosphine oxide

» This paper appeared in Journal of Radioanalytical and Nuclear Chemistry, Vol. 246, No. 3, 2000

THORON CONTRIBUTIONS IN RADON
MEASUREMENTS IN THE ENVIRONMENT™

R. SHWEIKANI
Department of Protection and Safety, Atomic Energy Commission P.O. Box 6091, Damascus, Syria

S. A. DURRANI
School of Physics & Space Research, University of Birmingham, Birmingham Bi5 2TT, UK

ABSTRACT

SSNTDs have found wide use for the determination of indoor radon levels. Most of these types of detector involve
filtration, which assumes that any thoron present will decay completely before the alpha particles from the gas itself
and its daughter products can be registered on the plastic surface. A surface barrier detector (SBD) was placed at the
same position as, and instead of, the plastic detector employed in a routine measurement. An active method of
measuring ambient thoron concentrations has been devised.

Key Words

surface barrier detector, NRPB dosimeter, can technique, thoron and radon diffusion, filtration.

« This paper appeared in Radiation Mesurements, Vol. 25, Nos 1-4, pp. 615-616, 1995.
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ABSTRACTS OF THE SUBJECTS PUBLISHD IN THIS ISSUE

Simulation for the training purposes of both real and accelerated time for normal and abnormal conditions can be
accomplished with the model. The simulator is user friendly with operator.

Key Words
simulator, MNSR, C* ™ Builder.

« This paper appeared in Progress in Nuclear Erergy, Vol. 36, No. 4, pp. 379-385, 2000.

REFLECTION COEFFICIENT DETERMINATION
OF THE COMPLEX RESONATOR MIRRORS
IN SOLID STATE LASER”

M. SOUKIEH, M. HAMMADI
Department of Physics, Atomic Energy Commission P.O. Box 6091, Damascus, Syria

VY. V. ZHUKOVSKI
Institute of Molecular and Atomic Physics National Academy of Science, Minsk, Belarus

ABSTRACT

On the Basis of pulse-energy measurement of Nd-YAG laser emission, the reflection coefficient of complex mirror
is determined as a function of pumping energy and resonator parameters. It is shown that the reflection coefficient of
complex mirror has the tendency to stabilize with increasing pumping energy above the threshold energy. The
practical interest of this work is to determine the reflection coefficient of resonant mirror without using calibrated
mirrors.

Key Words

reflection coefTicient, solid state laser, complex mirrors, threshold energy, intracavity spectroscopy

« This paper appeared in Optics and Lasers in Engineering, 2000.

DISEQUILIBRIUM OF URANIUM ISOTOPES
IN SOME SYRIAN GROUNDWATER”™

A. ABDUL-HADI, O. ALHASSANIEH, M. GHAFAR
Department of Chemistry, Atomic Energy Commission P.O. Box 6091, Damascus, Syria

ABSTRACT

Uranium concentration in groundwater samples from three areas of Syria was determined using a-spectrometry
and Instrumental Neutronic Activation Analysis (INAA). It was in the range of 0-6.13 pg/l in the phosphate areas,
and lower than 1 ppb in the volcanic arcas. The activity ratio of ***U/?**U was investigated, and disequilibrium of
uranium isotopes was found to occur (P4U2*BU =0.522.02). The excess of 24U was calculated. This excess can be
interpreted by higher mobility of **U, which more readily forms the soluble (UQ,)*" ion in comparison with ***U,
most of which remains in the insoluble 4+ state. This excess increases with increase in uranium
concentration. Thorium concentration was measured using INAA, it was found to be in the rang 0-1.15 pg/1.

Key Words

uranium; thorium; concentrations; disequilibrium; activity ratio 234U/Z"‘F’U; solubility; mobility.

& This paper appeared in Applied Radiation and Isotopes, 2001.
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of repeated unit cells of copper strips and split ring resonators on interlocking strips of standard circuit board
material. By measuring the scattering angle of the transmitted beam through a prism fabricaled from this material, we
determine the effective n, appropriate to Snell’s law. These experiments directly confirm the predictions of Maxwell’s
equations that n is given by the negative square root of £.p for the frequencies where both the permittivity (g) and the
permeability () are negative. Configurations of geometrical optical designs are now possible that could not be
realized by positive index materials.

Key Words

negative index of refraction, metamaterial, left-handed material (LHM).

«This article appeared in Science, Vol. 292, 6 April 2001. It has been translated into Arabic by Editorial Board, Atomic Energy Commission of
Syria.

INTEGRATED CIRCUITS™

J. MULLINS
is a freelance science writer and regular contributor to New Scientist. All graphics are designed by Nigel Hawtin.

ABSTRACT

We’ve come a long way from the days of vacuum tubes. Since the first microprocessor was made in 1971, ever
smaller and smaller computers have been possible, leading to a variety of inventions. So, how are integrated circuits
built onto such tiny chips and what does the future hold?

Key Words

chip, depletion, doping, feature, photoresist, squeeze, switches.

«This article appeared in New Sceintist, 9 December 2000. It has been translated into Arabic by Editorial Board, Atomic Energy Commission of
Syria.

PAPERS
DYNAMIC SIMULATOR FOR THE
MINIATURE NEUTRON SOURCE REACTOR™
I. KHAMIS, M. B. ALSOUS, H. HAJ HASSAN, H. JOUHARA
Department of Physics, Atomic Energy Commission P.O. Box 6091, Damascus, Syria
ABSTRACT

A dynamic simulator for the Syrian Miniature Neutron Source Reactor (MNSR) was developed and implemented
on a desktop computer using C* * Builder. Mathematical models for the main physical phenomena of reactor such as
heat transfer and neutronics were developed on the basis of the lumped parameter approach and real experimental
data fitting. Point model equations of reactor kinetics was employed and solved using fourth order Runge-Kutta
integration procedure.
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SURFING THE P53 NETWORK™

B. VOGELSTEIN
at the Howard Hughes Medical Institute and Johns Hopkins Oncology Center, Baltimore, USA

D. LANE
in the Department of Surgery and Molecular Oncology, Ninewells Hospital, University of Dundee, Dundee, UK

A. J. LEVINE
in the Laboratory of Cancer Biology, Genetics, and Molecular Biophysics, Rockefeller University, New York, USA

ABSTRACT

The p53 tumour-suppressor gene integrates numerous signals that control cell life and death. As when a highly
connected node in the Internet breaks down, the disruption of p53 has severe consequences.

Key Words

P53 gene, oncogenes, repair genes, tumour suppressors, apoptosis, protein kinases, ubiquitin- mediated
proteolysis, retinoblastoma protein.

« This article appeared in Nature, Vol. 408, 16 November 2000. It has been translated into Arabic by Editorial Board, Atomic Energy Commission
of Syria.

A LIGHT-EMITTING FIELD-EFFECT TRANSISTOR™

J. H. SCHON, A. DODABALAPUR, CH. KLOC, B. BATLOGG
Lucent Technologies, Bell Laboratories, Murray Hill, NJ 07974, USA

ABSTRACT

We report here on the structure and operating characteristics of an ambipolar light - emitting field - effect
transistor based on single crystals of the organic semiconductor «- sexithiophene. Electrons and holes are injected
from the source and drain electrodes, respectively. Their concentrations arc¢ controlled by the applied gate and drain -
source voltages. Excitons are generated, leading to radiative recombination. Moreover, above a remarkably low
threshold current, coherent light is emitted through amplified spontaneous emission. Hence, this three - terminal
device is the basis of a very promising architecture for electrically driven laser action in organic semiconductors.

Key Words
light-emitting field-effect transistor, ambipolar FET, « - sexithiophene, excitons, optical amplifier.

« This article appeared in Science, Vol. 290, 3 November 2000. It has been translated into Arabic by Editorial Board, Atomic Energy Commission of
Syria.

EXPERIMENTAL VERIFICATION OF
A NEGATIVE INDEX OF REFRACTION™

R. A. SHELBY, D. R. SMITH, S. SCHULTZ
Department of Physics, University of California, San Diego, La Jolla, CA 92093-0350, USA

ABSTRACT

We present experimental scattering data at microwave frequencies on a structured metamaterial that exhibits a
frequency band where the effective index of refraction (n) is negative. The material consists of a two-dimensional array
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ARTICLES

GRAPHITE POLYHEDRAL CRYSTALS™

Y. GOGOTSI, J. A. LIBERA, N. KALASHNIKOV
University of Hlinois at Chicago, Department of Mechanical Engineering, Chicago, 1L 60607, USA
M. YOSHIMURA
Tokye Institute of Technology, Materials and Structures Laboratory,
4259 Nagatsuta, Midori-Ku, Yokohama 226, Japan

ABSTRACT

Polyhedral nano- and microstructures with shapes of faceted needles, rods, rings, barrels, and double-tipped
pyramids, which we call graphite polyhedral crystals (GPCs), have been discovered. They were found in porcs of
glassy carbon. They have nanotube cores and graphite faces, and they can exhibit unusual sevenfold, ninefold, or
more complex axial symmetry. Altough some are giant radially extended nanotubes, Raman spectroscopy and
transmission electron microscopy suggest GPCs have a degree of perfection higher than in multiwall nanotubes of
similar size. The crystals are up to | micrometer in cross section and 5 micrometers in length, and they can probably be
grown in much larger sizes. Preliminary results suggest a high electrical conductivity, strength, and chemical stability
of GPC.

Key Word
graphene, graphite, nanotube, polyhedral, pores.

«This article appeared in Science, Vol. 290, 13 October 2000. It has been translated into Arabic by Editorial Board, Atomic Energy Commission ol
Syria,

URANIUM: FROM ORE TO CONCENTRATE"

C. A. GREY
Uranium Institute, 68 Knightsbridge London SWI1X 7LT

ABSTRACT

The trend over the past 50 years, since large scale uranium mining and commercial uranium extraction began, has
been an increase in cost efficiency, an increase in both worker safety and environmental safety, and an increase in the
number of technical options available to the mining engineer and metallurgist. Any mining company’s decision (o
follow a certain mining method or ore processing route is affected by a number of site - specific factors which include
not only the geology of the deposit but also its size and location, availability of equipment and manpower, past
processing experience of similar deposits, and cost. This paper will review step - by - step the range of mining methods
and extraction processes currently in use at western and eastern uranium production centres, culminating in an easy to
use reference table.

Key Words

ore mining, production, Uranium, product precipitation, ore processing, waste disposal, product drying and
loading.

« This article appeared in The Nuclear Engineer, Vol. 34, No. 1, 1993. It has been translated into Arabic by Dr §. D. Kharfan, Atomic Energy
Coammission of Syria.
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