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Abstract:

This paper is a translation ofstudy we conducted in the foundry
laboratories of the Technological Institute of Physics and Alloys of
Metals of the National Academy of Sciences Ukrain€ev. In

this study, we discussed the possibility of improving the
mechanical, physical and chemligaoperties of metal alloys on
the basis of iron and carbon by cultivating steel particles whose
diameters do not exceed 5 mm Within the polystyrene models to
obtain reinforced alloys, where the process requires a broad
understanding of the technologidalundations of metal casting,
such as studying the microstructure of matrix alloys, reinforcement
phases and diffusion regions, in addition to the methods of casting,
cooling, freezing time, impregnation rate and other foundations,
where the study reliedhgproviding clear criteria for reinforcement
operations. Where the study was conducted on samples of gray
cast iron and ductile iron with spheroidal graphite as matrix alloys,
reinforced with steel bars as reinforcement phases, and a large and
good diffuson of carbon was found from cast iron to steel iron,
and this diffusion of carbon was harmful to the difference in
concentration in the chemical composition of each iron cast iron
and steel, where the amount of diffusion depends on the contact
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surface temerature and duration of To solidify the alloy, to get rid
of unstable chemical bonds and corrosion, the impregnation time is
increased without violating the cooling speed and freezing rate.
Based on the microscopic studies that were conducted on the
sampls, it was found that there are no clear boundaries for the
diffusion zones of heterogeneous minerals, and a difference in
crystal structure was found between the base metal, the diffusion
region and the reinforcement metal, and this discrepancy in the
crydal structure leads to an improvement in some mechanical
properties.

#1014
-nz:!4a O35 ++G1.!14& EdiGzdz O5 GNjG 2 r
-pall GHLjH Haa piD&DZ +1"*118&8 +1:¢iG
b VFICF €hfizdalj@ay: ! & “& G 1 di& ! B, -l KkNj +O¥L
U. PZ31d2 GYn +Z8 hx fa y1?Pha -6 1an Gal Z2yid 1ax !
..o U ¢d8°=zdz xFG11 I D2&5 ﬁN;acam) k. DZ .|

b2 nj( 1 & GzY 1Al & =I:+G’1’Ia|'_ H \hiyil " h, ! & |
Gx 113138 8T G LB *GE (O A) ° Clfaw) it&11*s&a 1 & X FGA
é-1VZé+L(yUL‘[Ua1deNJLg R
eG" 2z I DZ t14 -14 .2 né& ._o °2°z_ 1424
(0 yz)ydha. B 1aa FEHA-60a (vl ) yi Gz2!118 -6- 0 1 dz
i 81 udBls20 .DZ!' & 1dz &1t 5 HKAs de 2 GO .
8o 118 Rja-60 1dF1?MZra " Hicd-ra-pU (¢ A)° z  DZ

A Oaha. HJa05° HJ&a G Rl 1&aYiayi?hprG 1B &N U. D24

Oyl ¢i& o tnii TDZ iG., LU& tN:H -:

Z+D_ ! 4a ¢ l4a 11384 1'dz 3'D& . tDIAGY YBINE 01:
ol Jay-zdE o &2 KyUPRYE . b AcdE @ 0

T Copyright ©ISTJ wAmMYcBs WAL
WwT X Y b KR wCHEpshOF /1



International Science and 2 6) CNK Tyaly gyt 300 g

Imtmrnastional Mebrmes mad Torlmeing demraal

Technology Journal Volume 26 S T -J }\ﬁ

wy34Yg3OFM aH}

fa-o ii1ina p-2Z 1_ "k eG _z! & 1DZ GNja
H .14 O35 G530,Pa& -na G:H U t.LlG. .
by 714 O5 16G1.!14& & Na U@ =z, ! & -

.+t ¥31LjGsY: 14 “FG._ 1 & «~zK O5
. T U 8°z-14&a i1yl a Ucd’hdd@Ff 21 M.4dz¢iFH-
FIY i 4+ Y " h U ¢itlls

ruDA & -

by NI {114 “FG- | BT &ddz T DA yHa ! & éai
ya- "A-@p 03z1811% tDAAy 18hd3s 1A ] °32K 0% EDAx N a

at CxFGCIL @AY Y¥'a “FG-P e&t i &idz 121h
UpGs " ! & eGLj13: A dZ RFGT1-& Ei-1gv-10fh ° & & 2 &
i Nj p&d- 4t 184 BEB2I ¢id]lo: Ubdcl g {!GRA &11d:
>21 _ k O3 °“2°z, !4 i1 ypi btz ywi'Pa 1dz «
ya -nyuiP. 1AL éei1 G "1& y T tDd dz O5
x FEAAT rRayiiDdEs - ! 48 1 DZ Ouwda ~ _Adk Gn
RFaNg-ra [@®gnack OlatLElae Galal a§Gla Uyivha -6, 14

yi Gdz '& "~ N !& -6-_14& pidbzZ {8~ Skd .
fa-_ 148 t+ wvaa c t1lyYy &3O GH 1A ! & Z
b1 1Yy DZ t2 nj,1@AUH WCEN & 1VAGSy i Bzt 1 @&, 114
y G, 15AUEL "4 . !T&D&i 1 * 1" h 1Z ©YDZ , k
)’ n@ yuz Nja-6 1aE2&k Cbyid 1dyiG1 . ! & éGiDZ z! Y, 3:! &
FALGIE . Lja t1 Yy dzZ BEs-uk3 ON@z &(@G U ° n
fal Nja-60 V1?34 DOBT y 1« k 0 GAo8jaL B( &-dg + _» Z

1 dz & Gk Z Uyir N2ds aRGas i 1y 1a05y17HAH8K. ™ K

1ds5 “aAzY | K yG1_ I K (t2a H . _ 548 n) KO

y Copyright ©ISTJ wAmYcs WA IO
WwT X Y b KR wCHEpshOF /1



International Science and 2 6) C ﬂ |'C ially p gl A0 gt

S i Ty dearel

Technology J I
Jemobogy ol \olume 26 e I

o

-0 1dF1?hD Gl @zo T ENZIPHIBZ128k0U2 017 Ul 5! &
} DF G- !é Zo é':DZ dzi 14 oYl - 2Z ¢i &
i G« LjU& | &4 &h HRigV10dadn U4 HATEZR & &

. SODABO . UdA t+ V! GI |, LjU& t 1 v
OF&Y: 1H!T j GCAILJME" &kd . & 2 nj_ " J@a +AI" 71 &
y-zdzA 1OBF GH1& - £ 1 @A, Icd & o Hoglivi-a 1B °xoF
b- 1 i FAG@Eakey RO, 1 & -2 14

. ANla h1, Nl Dz

Ga ' T DZ &iG: _ Z& +1!1Gz!& ++" Y111 &
1dz N2°dz U E:i=z! & t+I11v! E+b_ DI 1! GZ
x VkG,1ai-_n'!'d U o0G: hLjU& EGAGI BHU + A
Aa! &. . .t & & +AD1 !
O.148a U ylé&a 0GYLj I DZ ¢ ~ ., "dz t1H 1 ¢
b1 k1 &fls A HEaHHEAY BO5E0AE GASnjn G, Lja ¢ . o
uidlaa yG1_1H yGaTa 118 +t5GuUGK U &
FACNF 1 & +in1! 1.7 he d&hl TAGYOF.Gs!Téa & &84 | ¢
) t+t1a&i-t1a O35 +1H 1A
U .1 Gl!1& O5GTdnja:e&inszkat dzca1¥a 1
HAIBITNOBY1 0@l Taal & zd3 +tDAz #ked <] 1 B4 | 1a
tsDZ _ 118 °2°z_ 1& i8&81*&a +51s5.:14
bPAzja1*a yo281.! +12°* . .LA&A yG5 U ¢

Ol1” éBaFN1yza1 &@DZR&- . . 1 GA nAGlU& V- zdz
(¢cii1ls: N8 1¢ciBZ ! pa el

b Copyright ©ISTJ wAmYcs WA IO
WwT X Y b KR wCHEpshOF /1



International Science and 2 6) C ﬂ |'C ially p gl A0 gt

S i Ty dearel

Technology J I
Jemobogy ol \olume 26 e I

1dz -06-2! 4 bG:  Na G:neGilhgd »11l1ka
Gnjk GI 1*a @&GH1”.:DZ +331UGa718L&48  FG
9%z D2 ALt
ciG?28 I1!a ¥yYia t+,_ <dz aGilaa eG 2°n -
.2l t14ai-1ta O05 G:H Ui &t
O5 . VUK 2 & pi1 .  ~.dAHBKAIEHKIS EEE. d?
. E¥D_. 18 tdAaGldz tNTGP 1 . !
yis DA - ?H yozp dit(A x ! d pla °5z)4 & Gai NELjGp@ Ua|
[ +t 13 VLjGa&® F+PFGA_  +t d8AGIl dz2 ° 2
. 1JGH" nj! GA ai Gj ¥z lgiGk +1{ @M A& K | Nj" njDZ
. - _ .14 QDbz'a yG:_! 1..D
UxKR!1 ¥ _dzZ NA&-6 1a°%z! tazaeddlal-v 1dxya
Ena 1dz Nlja -na -1! U E_3-~,DZ N _ D
>4 kObx th. 1468iayia _ 1a1dd). - 1A06eG: Y. . D2 - ol1dz y281
.[4eGH1 " .14 yi" .k O5 - 1z 14
PNk ON, HA&eEH. &M | faifioid @0 ¥) £ Bya

. 1dg °i7&1z ! +1DZ 1 & &Gyl _ 1 & 1dz -06-
FHEDEG&Yi 3 18-?7H & HDBF A&t YLj-zdZ éG51s5.dz2 yG, |
5 127 . A1 & enaG: Lj 1 dz
L@ Ay kOB%)ZZ)"de[" ARSI to | 185y 18d. 1418 ¢
¢c-Fa&a°1'4a8 +31” .18 ¢id& o tnii +t!a&asa 1D
B[ -2 " L& y-z
" Z é- k O,!'4& tiFGYi:+vYh'!' & a F YFG?°
ba-_, .1 GAKA c¢cail 1 a tHi” .1 & 1 DZ vy !
Uylg 1a1% « WIaeTELOb5a. IEa> 4 kOstAw1 14 tN-14e GY 14
M N Copyright ©ISTJ wAmMYcBs WAL

WwT X Y b KR wCHEpshOF /1



International Science and 2 6) CNK Tyaly gyt 300 g

Imtmrnastional Mebrmes mad Torlmeing demraal

Technology Journal Volume 26 S T -J }\ﬁ

wy34Yg3OFM aH}

J éT:y1&A & :© x1.:18 &GIDZZ t2 s |
" 0T ClAay &z 1810+ ZAi ) &l @G 8 .
X FG1.DZ +TG,!'& +E dL11a1t9PpBG3! & , &8
i1yl & O35 ‘“nn°dz yaP 1dz xFG1.14& |[j°N
. pGs "1 & é&GLj1s:!
1241 DP Glae @Y 1405 s 18yid _ 1&1diyalapE 1a05a % I
tAn1t1"h, 1& _©WGz!"a ada5600GKUB | &1 !
J(d% ¢co°z:i 1 & +t2i1D2Z1 A& 17714
1B1d20t 07 e o 1dA1hk ya + G d7 & id1athwyirkya. ¢
by K& T BAHEQE s 2A91 & 3] Ghuit3s d206 yaG &
fa1: 18 xFG112a~V2GL[E3" 3 a¢Z 1 qhu
6T G Lj tyléadlih .-18 t12 vK + DZ:18 &G
HGae @Y | Dga ¢ils 1ads 14
2%z .18 Es31? 531k ydz U O¥y.!a& ++.h
Y (01! &dB121h_ ! &da Es
Y *9°=z_ 1la&a TG Z éGdz za 12 .
Y .1 GH!la yii Kk
Y .2« 14&-u0 I T TN
YEFG.! & i-1v!1 & . DZ K
. .1 Gl & -1dz + Hi1” L
.¢cd° =z 14 &G, ., DA t1317LjGs
P41 GY 14 eciliéa [wEsSCDAOICIA.  t 3. + AD2 7
Anai o6Gs_ Ljgda O!/U& E_3-~.!8 t11LjGadxza
-l zdz E3T @& 8°zdz €G?1” .dz 1 DZ y1.,
~Z +DAHGH g +tY¥ h E._3-~ka t-28G3zl!a e
AR 8 DZRd¥E Y d¥di)f ¢ DZ y1. ! &

M M Copyright ©ISTJ wAmMYcBs WAL
WwT X Y b KR wCHEpshOF /1




International Science and 2 6) CNK Tyaly gyt 300 g

S i Ty dearel

Technology J I — )
Jeemoogyounal - \olume 26 e AN

Al Gura c;@cj’z:!é%su’jéécﬁpdz Ve NGIANEL ] k- DD

" FABEARAE3 K. 0 1dR0T PHPR BaUyd, JAANJE:! Oniih/a

i1n!' U xst™11& + TG dDZp, &z 1. h t v ¥. K

x1 7 d.1 .,k 13:¢ aUlU “n"_ h yG-kU& ia-
318 +tYFGY:Yh! & qiha !'a 121hk Yy~ c

} TG-Nj y"dz;a U OFGY:Y1h! & E+b. ! 4& y da

S+ 51s5.0 04 +33" 1 @) i1nj.:! 4

¢ G:H U eéecG,LjUa iy, . ! E_54& tint! 1
IDZa U (t+-2 __,. 14 eGYiDzZz!& x!1 O35 C
b dz- | * ! 848G DE Y GAY Jdl DB ik , & @s T &1 12K

ifa1:18&8 "N B !
51k O.! a t 2 n.: 14 eGY:h!'& S¢-1K
9%z, 1 & =+1lja ° H-al da! gi GFGLA! &
F+Gsolfjl dza e+ GYpjA)a  FJd&- K1 D&GLGY” ! &
x FG11 AGl4& 1DZ +9?21”.:1& t+i2Z2_-114& ié&
@A) 2° =z, ! &. & DAKGHE-0GY I@BRK)Y y1PHa -6, 18
(wls2D0 015 0l.dx < DBz & 2i° @DPAWRGt VLj- &z . . | &
.(wl)B U115 1dz2 OFGs Ta
kQlay1PHa -6 &< 1d2 @™ 181d2GZTE4A » nj {ddi i R& na ¢
"1k yGPia ydz ( 1.DZ_ 14 O'1”184&8 eéti
Sy NUKkRF&E OF1uw "~ nj,dz tYy1a&alhpapGlai-!
& Gs T &4 1GOBZ 563882 & GOSJT 344387 UG t2nj 14t 11
Td2y1DZdz pa-_. .18 Sk &Y 1aAl'&A&AI &AF&a
.y1 LG, 80& y1 )HNO3 O35 ( x=2°
yibkyai T RBY&. . Z. DAATdOS] yazNA1dx ] | BA£Z28- ~ 2
.DZ!' & ¢i & o +t(#S)it DFd3 - -#p&Eal & Nj &8 & - ¢i!

Qo

M H Copyright ©ISTJ wAmMYcBs WAL
WwT X Y b KR wCHEpshOF /1



- 6) CNK il g g el g Al

International Science and
ke s Ty fersnd

Technology J I — )
Jeemoogyounal - \olume 26 e AN

NJa-do t Gk yay &: tDFAI B4 8, 1ayidlae aZ > Yk A6, ©
U.DzZz!8 OFGsT EFoa +4£870 +4° GH ~ N ! &
vid layidae dZIZHI@ 5 1 Ui s ! & DZ “~ N !& -06- !
U tYFGY¥:Yh! & "~ TG =zDbZ
elidiGzdz - _ 5. Lja G:D&AU x1.14& "~ TG
P HIIG LjBd 05 xFG1. 1 & TG Z @Al
@ GNjl « ka 0@ FEj§A>njdd Ay -UA" ¢ SEF
-na -pa U y-z:1& ié&d-dza yGsdz O35a L
U1+ Gdz&eR & ° F @@H8AdZ »pyiagy 14 RSIDFRAR  1aya
6'qu.y_zill)zft’Gj!é'rmﬁTIZZ@(GKSdZQQDmZé .14 O5 Gdz
IDZ pG.-p®. - 'BRIHZIKEI SUIDAHA * T pa-. . 1G
LI Es< 1 &) RG-3! 8 1 DZ Ed:Gh! &
bni i GoPa 1dzyk ! Gl LjU& +11y1 & ¢i1p ~“FG-
g 3:14&8 d5-.!'48 .7+..8 ..o Ut~ _7"18&8 i
¥ G? @ 1s)3 ORGAYZ Nja-6o EZe&k Coyi 4 1ayidiae A
. pG.pUa x DZ |
CotiEljatly " DEAGI@CKEQr1d. o(1) E3~! & yuP 1dz x!1
OFGs .~ ! x bMdzZHNY Hj« UFZ&s 0 MAZIGTR- 05
by K& 1 &x huEpdA) Nj@Boo YO8 it 1AV IDER. DZAA
yihia (u1s)5 U1 s DA ¢¢% . N-Wi0E 5! & OFGsT 1dz ¢
5& 3! 8a A hta&a yidz!l.®U "1 &8 AGl4a 1 D2
ONj ¢ "1 & t:.14& ¢35 U &Gl 1yl & ¢i-
" H R AN AQ T EE L A 1dR 11! yi1da14h1a
05 .1..3¥”.18&8 1 _ h iG.,LU& EZGsk (.
_FatT yiP 1d#elay-zoZ_  #Bed O kU1 Lpdi katDZ
V1Pl BA4 | 1&HGAHBZAH 1 18ydA)d: ZAT 18, DZAy-Z & t1N

MO Copyright ©ISTJ wAmMYcBs WAL
WwT X Y b KR wCHEpshOF /1

~
-




International Science and 2 ﬁ) C n |'c ially p gl A0 gt

Tt teaal hermre wad Tclbmain Jmmraal

e
Jemobogyaural - \olume 26 e I

Ga s! & T1DZ +1DZz!8& 1" N t& 105-:_ 2Kk
Y01y 1Y, 2z, JACA & T ;19 1B UEIA
1dz -6-2z!4& é-_ k .DzZ'!'8&8 OFGsTa EFG.! ¢

ya®  PU&a c¢-.*U04&
tZ2 .14 al, PGA UYDZN@ & DE_!'ha GFGEs:TY Al &7
05 C"htr &radt et 015 st | GAT EPAiI é&4&i~ D:

BG'“glé’l ydz t Lji GI dZ " Nfj!'a&a -

O5 "N !'&8 RGI K& E_Yy2a SNG.¢ ya , PUaa
-z 1 & _-2i1k tYyIlLj --

F FYeNaia -Z ddr#ke- g DAARSH t1Y - &1 13t PHyA

O5 t727i& 18 +tpGy! da x¥dzG" 6i ai - _nj! &
y-z: 1 GA .! Gl! & REdz

M 0 Copyright ©ISTJ wAmYcs WA IO
WT X Y b HOF nhCHEDBIOF /1



International Science and 2 @ CNK Tyaly gyt 300 g

S i Ty dearel

Technology J I — )
Jeemoogyounal - \olume 26 e AN

yi GdZ | & ~ NjXF8GelGo Zot h D&y, ¢d VA 5] 4L - 124
I D& AY)dE v z ) ya ha 3 143 ¢l'a0& BR800 a (v 1 )
30 1d¥1?MDZra 'HiG14maU2 0 U1 5 51 8z SYDAX Yy G1_p K3
@A) Y1~k ya U (@AHF°?%H & .-Dzn &d:izi?>a O
OF GY: &BhT Cﬂé°LlakLL;h@;PéT!éE)[cEéEaxAyi(éychK
i G, LjU& (®H A2 6T Offsdzt&Bal sU 1 B H& 1), !

Uts~N”.DZ -: 1 & ¢c-dza .Dz!8a EFG.! &
COABO. 4+ V! Gl LjUA t1vy- i1 &) G« LU0&
.2 E3.~14d)

1 ok GBa AR ¢d | &S0 116 T 22 G LAY dAiFk
DG TG 1GEHY d¥ikG W0 100 Y. 60 ho .t+H6E .l ydz ¢ DAz
BtaG d2 G élA1dHih@a‘Od . 40. 31 . hu x&FBH. o

(- D ESB-!A) G127 | Kk

14 xDk @&GY" aa tDp TmIndos U.k O, !
O& y-z:18 1 _ h _da@ip! & qQP, Oudda.- Fk-
Gg?id DZ ! & |jIGYKIA! BREAA NIGHpAX 183 € ¥y~
(e R0 MD)F H. 18 i1*a "N !a -0d-0
y1«k ya 11a ~  <ka -~ _3.k U &G _=z!4&
i Gl Lj O3ub&qd g -AiGIGa tivdz B yiPHA
I Y7 v 7 F(Bypeeutdctom) U1 | h Kelitectoid- »-1z hak 1 ! &

—_—

a .-
O D
t 2 a

by 7148 1714 O'G,!1'G?2a U -»21,Hik1_14&a |

oAU +t 11 G104
fa-o idlga® RYdzvz ) (.2 )Es~DZ +33” .18 |
WGLM3#\!é01$ﬁITEZdD.OE!é E-k ++G: . A t 1Dz
B Z 2481dxpT y1sZ Njg-so G U@ A) 0! 7 G~ | LjU& + 1 v " dz
1 h OLj-zdz qA&i -nio U0.00 bal-a oNBGdE 1 D:
M p Copyright ©ISTJ wAmMYcBs WAL

WwT X Y b KR wCHEpshOF /1



International Science and 2 ﬁ) C ” |'c Ll gl A ) Al )
Technology Journal i — &
wy34Yg3OFM aH} VOIUmGZG SI-_I/\

,dzi 14 Oyl I DZ (pAR&t SH&E - d8D& 58
F.DZ  dzAa .k dz E3T

EOG, H2)! & i-GdZ ¢a@ (& ! a
x 400 (U2 2mm-ae, @5mm-a )

1dz-12) , £B ) &zl | |

a
YT KD Dz yBR U( &
CFWF~ _~ 204
: O LAkl & GiNa @ ZHgu 0. ! &
U(fw +515.:14& xFG1|1 AGl4a T DE ¢&° zdz t
yvahf i G« _ LjU& +t+ 1 v "~ d® 1y,GlIpEIs dq*aG cdkx ..Lj&
b LG, . dz © _3!& yiGz:!l4&a 1 h
OA t Y U 1Za +51s5.:18 t3¥" 1 2ty v 12
x FG1.1 OFGY:Yh! & . _ H .! GK 33! Gl , LjU:
1k o ¥y ! &a [UuBpBdA."1 .8 a¢irng of Mimg Zal & U
4 dz-¢l A AG@
M C Copyright ©ISTJ

wAmYcs WA IO
WT X Y b HOF nhCHEDBIOF /1



International Science and 2 @ CNK Tyaly gyt 300 g

Imtmrnastional Mebrmes mad Torlmeing demraal

Technology Journal Volume 26 S T -J }\ﬁ

wy34Yg3OFM aH}

DWa- ~ I &
[1] Lysenko, T. V., Jasjukov, V. V., Prokopovich, 1. V. (2019).
Koncepcii upravlenija ~ formoobrazovaniem otlivok:

monografija [Casting Formation Management Concepts:
Monograph]. Odessa: Ekologija [in Russian].

[2] Sakthivelu, S., Meignanamoorthy, MRavichandran, M.,
Sethusundaram, P. P. (2019). Tribological Behavior of
AA7050-ZrSi0O4 Composites Synthesized by Stir Casting
Technique. Mechanics and Mechanical Engineering. 23, 198
201. DOI: 10.2478/mm&0190026 [in English].

[3] Sambathkumar, M., Navaneeknghnan, P., Ponappa, K.,
Sasikumar, K.S.K. (2017). Mechanical and Corrosion
Behavior of AI7075 (Hybrid) Metal Matrix Composites by
Two Step Stir Casting Process. Latin American Journal of
Solids and  Structures. 14 (2), 2285. DOL:
http://dx.doi.org/10L590/167978253132 [in English].

[4] Dulska, A., Studnicki, A. & Szajnar, J. (2017). Reinforcing
cast iron with composite insert. Archives of Metallurgy and
Materials. 62 (1), 35857. DOI: 10.1515/amr20170055 [in
English].

[5] Anikeev, A.N., Chumanov, L.V. (2@). Microstructure and
Hardness of a DispersidReinforced Casting. Russian
Metallurgy (Metally), 2018, 1161164. DOI:
10.1134/S0036029518120030 [in English].

[6] Shalevskaja, [.A. (2019). Issledovanie teploobmennyh
processov V litejnoj forme s armirujushtiazoj [Investigation
of heat transfer processes in a mold with a reinforcing phase].
Lit'e i metallurgijai Casting and metallurgy. 3, &B. DOI:
https://doi.org/10.21122/1683065-20193-54-59 [in
Russian].

[7] Shinsky, I., Shalevska, I., Musbah, J. (2015). Efficiency of
influence of a metal macroreinforcing phase on process of
solidification of larges i zed <casti ngs. vl KA.
Motorization and Energetics in Agriculture. {3), 5158 [in
English].

MT Copyright ©ISTJ wAmMYcBs WAL
WwT X Y b KR wCHEpshOF /1

g0


https://doi.org/10.21122/1683-6065-2019-3-54-59

International Science and 2 6) C ﬂ |'C ially p gl A0 gt

S i Ty dearel

Technology J I
Jemobogy ol \olume 26 e I

F1_."%G x="1i h_i.-01 y-IFd o
Mr. Mahmoud H. S. Hasan Mr. Hatem Abdullah Hasan
Alzirigany

tea_mhs@asmarya.edu.ly Hatemabdullah1999@gmail.com
Al-asmarya Islamic University College of Information Technolog
Department: Information Systems

Zliten Libya
Mr. Abd Alhakim Muftah Mr. Abdulaziz Abdulhadi Abdullah
Salem Ibrahim Esghire
Hkim9677@gmail.com Azizz11228899@gmail.com

Al-asmarya Islamic University College of Information Technolog
Department: Computer Science

ZlitenT Libya
U A -1
tnG, a4 -2 éUG 1& ¢“szdz O05a UlTw 14
i1ada yi1Tl-DAGpe GLpAKhu p-2z! x1 1T a - _ :©148&

} 1 Gdz + nGlaR@GYIKAEZIT®. {3E. plads1 2" 14

6" H +~ 2a08 ~zA 1dz 1_ 5Gzp-:!118 111dd p -

.o po- TWGEK + " 1 B4AOKF Covid1ga dLaina! &, fia

b-14& 0z ” dza OnG, dz 1_ t! ETRT N D5F Gh

t 3!  pAAdrojd Studp? aNdZzGLj v pa- . . 1 GA . "v !

¢ . 0 GoogleoFirebase & GLjiGYt ¢ - By ©GDBHBni 6. dZ2006

@G ! G3: ! & gEyIRIdhIE" K& “qz;émzﬁaqp

(Whatsapp) Nd?GLj v E_ dz . Lj , LjU& ~ "2 ET&ai !
14 05 GNj 51k .06 .. K t+° _=zdz pi

fida 3&1dy138016'a G1HAa 51w dzxp 11at3 U&U 1 3 & ¢za

.,114 O5 .pi1! & E_DIka FE_ rpsk (lGna 4.~

My Copyright ©ISTJ wAmMYcBs WAL
WwT X Y b KR wCHEpshOF /1



International Science and 2 6) C ﬂ |'C ially p gl A0 gt

S i Ty dearel

Technology J I
Jemobogy ol \olume 26 e I

RG.Lja 1T!3d8 +5GuUGA .- _ 5 .:18&a =+ » 1

SnjskaiN pGpia IDzZ d. "v.!'4& Odzx _ _ .dz t

R -

.y1: .1 & UkGn! & eCGINF®OR.-UDapgFCSAh#
Abstract

The timely availability of blood protects the lives of patients, and
in most cases when blood is needed, it cannot be provided on time
because there is no database to reach the dioniomse, especially
when the patient's condition is in danger, in addition to Corona
Virus (Covid 19) patients who are looking for blood plasma from
recovered peopleWhere in this paper we made an Android
application to facilitate communication betweere theedy of
blood and blood donors, as we built this application using
(Android Studio) using the Java programming language (java) and
based on Google Firebas&here the needy and the blood donor
are connected through many communication technologies such a
direct phone calls or online communication programs such as
WhatsApp The application also provides the ability to add a
request for blood type so that it is provided as quickly as pgssible
In addition to linking patients with the Coronavirus and those
recovering with the virus to benefit from their blood plasriiais
application aims to facilitate and reduce the time in the search for
the required blood type and facilitate communication between the
donor and the beneficiary. In addition to creatingeusity policy

for the users of the application to ensure that the users of the
application authenticate their mobile phone numbers.

uDZ &1 Il &
¢ 004 UN@Epdz plaRx ¥ . dZNjBlood bank p-1!1 8 x " h aéa p-!
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ABSTRACT

Coarse aggregate is one of the basic components of concrete and
occupies the largest volume in the mixture -{B) % [1].
Therefore, it significantly influences the concrete mixture design
and properties such as strength, maximum size, shape and water
absaption which affect the water demand and the amount of fine
cement and fine aggregate in the concrete mixture.

This study aims to investigate the effect of utilization of Zliten,
Sidi-Alsayeh and Greenilia sand on the compressive strength of
normal and sélcompacting concrete.
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Abstract:

Simulation is a method for the implementation of a model over
time, [1] Performance simulation is "the process of developing a
simgified model of a complex system and using the model to
analyze and predict the behavior of the original system." [2] It is
using by architects and engineers in the aim to help them in their
design during the design process. Simulation is used in many
contexts, for example, it gives building designers information they
need for detailed prediction of air flow and heat transfer processes
in and around building spacéboundary conditions such as effect

of climate, internal energy sources. Simulation is aised when

the real system is very a complex.

So, this paper will describe some simulation tools which are
important for advanced studies nowadays. The paper will compare
five tools which they need for design process. By Defines the
positive and negative dlfie tools in the aim to choose the best tool
for advanced using as result of this paper, so the examined tools
include Design Builder, ECOTECT, HEED, IES VE and BSim.
The comparison is based on five criteria including; Expertise
Required, Users, learn, epd, Accuracy, Main aim, Programs to
use, Positive to use, and Negative to use. The result for this study
will be important for architects and engineers in the aim to help
them in their design during the design process in future.

Key word: Simulation Tools-Building Performance simulatien
Design Procesesign Builder, ECOTECT, HEED, IES VE and
BSim.
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Abstract: -

This study was carried out at July/ 2017, to evaluation of soma
Physicochemical parameters of drink water output from
purification station inSabratha city, the study include (29) of
drink water samples. The results showed that, the major samples
were fee from bacterial contamination, except (3,5,15) samples
were found growing bacteria, and in another side, analysis of the
physicochemical properties include (PH, EC, TDS ), show that,
the (PH) for (10,11,12,13) samples were (6.45, 6.19, 6.09, 5.88)
regectively, they weren't limits permitted by World Health
Organization (WHO).furthermore the EC values of all samples
weren't limits permitted byWHO), also the TDS values results
show that, the concentration of TDS betweet1888.43mg/l) in

all study samples, that means of major samples weren't limits
permitted by( WHO) of drink water (500mg/l) .

Key words: drink water, Sabratha city purification station
coliform bacteria.
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Abstract

Commercialization of 5G began in 2019, with widespread
adoption projected by 2021 and beyond. As a result of the COVID
19 epidemic, more firms went online, ushering in a "New Normal"
with a global workplace. The increased Internet usage that has
resulted Ighlights the need for better connectivity in order to
fulfill the growing demand for more severe network needs. 6G
networks are intended to provide performance superior to 5G and
fulfill developing services and applications, making them a crucial
enablerfor the intelligent information society of 203t this
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paper, we present a survey of potential essential technologies in
6G. In particular, we will introduce articial intelligence, challenges
and stateof- the art, and terahertz communications techgede

in detail, while giving a brief introduction to other potential
technologies.

Keywords: Internet usage better connectivity 6G networks
intelligent information society

[.INTRODUCTION

Due to the advent of gadgets and machamachine (M2M)
interactons, mobile data traffic has increased exponentially during
the past 10 years, the exponential expansion of mobile connectivity
as shown in Figure 1, the global mobile traffic volume is also
expected to increase 670 times by 2030 compared to 2010 and in
general, the number of mobile phone subscriptions is expected to
reach 17.1 billion [1].

m Without M2M data m With M2M data
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Figure 1. ITU Predictions for Global Mobile Data Traffic [1]

Datadriven adaptive and intelligent approaches have recently
pigued researchers' interest. The 5G wireless networks will lay the
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groundwork for intelligent networks that caerform Ai task42].

The capacity of 5G is predicted to reach its limit by 2080 In

the rest of the paper, we discuss relevant work, important
difficulties, and stat®f-the-art techniques and solutions.

[I.LITERATURE REVIEW
A vision of 6G mobile networks is presented in several

publications, which include enabling technologypgwective uses,
needs, and problems. The authors of [4] focused on the important
accomplishments and challenges of earlier mobile networks,
ranging from 1G to 5G as showing in figure 2.

G5 2020
Data,Connectivit
y,and User
Experience

4G

2010LTE
VOISE,DATA,
VIEDIO CALL

1992 GSM
VOISE AND

DATA
3G

2000 UMTS
VOISE,DATA,

Figure 2.Shows the evolution of service kinds throughoutireless
mobile generations

The progression of mobile networks to the 6G network was
covered in [5]. The authorg6] concentrated on projected
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WT X Y@y FOIMREDIDM 5 J



International Science and 26 b Ch Tyaly gyt 300 g
S

Technology Journal VOlume 26 S T -J }\ﬁ

wy 3 YoHIGFIMA IO W

architectural changes in 6G networks, such as 3D architeatare
pervasive A The authors of [7] present a complete picture of 6G,
including anticipated applications, emerging trends, supporting
technologies, and open research problems. The authors in [8]
explored 6G networks from an Al perspective asbAsed moli¢
applications grow more prevalent. The authors of this research
stated that from the network core to the edge devices, 6G networks
will be expected to incorporate pervasive Al solutions.[9]
published one of the most recent studies on 6G networks. The
writers reviewed 6G requirements and shared their vision of 6G
networks. Furthermore, they hypothesized on the uses of the 6G
era and highlighted the main anticipated hurdiése authors of

[10] provided a thorough analysis of 6G networks. Their analysis
includes enabling technologies, possible use case scenarios,
difficulties, as well as 6G's prospects and progrééstk [11] is

one of the few papers that thoroughly investigates the fundamental
services of the 6G networkhe authors of [12] presented a ligt

6G requirements based on probable future use cases (for example,
augmented reality (AR)/virtual reality (VR) for industry and
biosensors). Last but not least,[13] the authors emphasize the need
of 6G remaining a humaeentric network. In light of thisfG
networks will need to provide a high level of security and privacy.

Il . CHALLENGES AND STATE-OF-THE-ARTS

Some tough needs in 6G wireless communication must be met in
order meet global technology demands. The major challenging
themes are researchadd discussed in this pafithe THz band is

the major issue in the 6G wireless communication technology.
Despite the high data speeds, the high frequencies make
overcoming the high path loss a significant challenge. The air
absorption and propagation ldss long-distancecommunications

are quite highTo solve the problem of frequency dispersion, new

multipath channel models must be created due to the wide
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bandwidth [14].For the THz band, conventional modulation and
coding methods are isufficient. New transceivers should be
developed to operate in the high frequency band, with very broad
bandwidth, high power, high sensitivity, and low noise figure.
Furthermore, not all wireless communication methods were
compatible with devices. Devices should alsoowallusers to
engage with other devices via DewviteDevice D2D
communication, Al, and XR [15]. Because billions of devices
other than smartphones will be linked to the 6G network, efficient
energy transfer techniques, particularly wireless energy transfer
methods [16], should be explored, and devices connected should
be designed to enable multiple charging ways. Physical layer
security techniques and integrated network security strategies [17]
with low cost, low complexity, and extremely high security stoul
be studied. The higfrequency band in THz is supported by 6G
wireless communication technologies, as well as spectrum and
resource sharingTransceivers should be able to support this
technology if the antenna is constructed with the appropriate size;
nano scale to micrometre components that meet the holographic
beamforming criteria as described in [18, 19].

IV. THz COMMUNICATIONS

In general, the lowWrequency spectrum band has a better
propagation characteristic to enable large coverage, but because of
the comparatively small bandwidth, it achieves a poor transmission
rate. With the exponential growth of higlatarate needs, 5G is
expected to make advantage of the mm Wave spectrum, which can
provide new bandwidths in the gigahertz range [20].

V.POTENTIALAPPLICATIONS

Some of the most important 6G wireless communication
applications uMUB, uHLSLLC, mMTC, and uHDD services are
used to describe 6G applicaticas showing in figure.3
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Figure 3. Depicts a summary of 6G uses.

Extendedreality (XR) services, such as augmented reality (AR),
mixed reality (MR), and virtual reality (VR), are critical
components of 6G communication networks. All of these features
rely on 3D objects and Al as their driving forcé& will deliver a
completely immersive AR/MR/VR  experience through
collaborative design integration and highality 6G wireless
connectivity, in addition to meeting perceptual computing,
cognition, storage, human senses, and physiological neéfis [2
Furthermore, when the cellularage station is unavailable or
malfunctioning, the UAV will be employed to provide wireless
broadcast and higrate communications . The braincomputer
interface (BCI) is a method of controlling the brain. Home
appliances and medical equipment, in gaitr, are commonplace
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in smart societies . In 6G wireless communication, the
characteristics of uHLSLLC and uMTC will allow the real
deployment of BCI systems for a smatrt lifdne sensation of touch

Is used in haptic communication, which is a typenohverbal
communication. Remote users will be able to enjoy haptic
sensations through retine interactive systems thanks to the
proposed 6G wireless connectiod]2

VI. Al EMPOWERED WIRELESS COMMUNICATIONS

Al will be essential in optimizing future 6@etworks by solving
issues that are difficult to describe using cleg&th models [3)].

6G will allow additional applications, as seen in figure 4, by
utilizing Ai.

onnacied Auonomows r.r.-mm-“m“'\rr

OGS _g@s

)

'//.g ‘:_‘: = /\ \ Corvantional UE /I\ l‘nr:nq Amrctr.—j \“IFIN’\M Pon'/
| - K7 ~f— -
\\m: :'r:,,;:; 4$ / . Boama rr—»: ) ”1‘:':" sm
s . i
b (A) -
by oy T ek
SmallCot ol B0 m
Smat Cell

Figure 4 A 6G wireless network with Al capabilities and associated applications
[26].

Smart cities, cellular networks, linked autonomous electric cars,

and unlicensed spectrum access are all examples of intelligent

systems [Z]. To ease largscale deployment of 6G networks, this

will justify a demand for the creation of new network designd

system models, as well as standardized interfaces, protocols, and
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data formats 38]. Deep learning, which is regarded as a key
component of Al technology, is frequently utilized in wireless
networks R9]. It will be critical in a number of areas, incling
semantic communications, holistic communication management,
control resource regions, caching, and computing, among others,
all of which will contribute to the 6G paradigm change.

VIl . CONCLUSIONS

Wireless communication networks of the sixth genera(6G) are
planned to give global coverage. We looked at previous studies,
prospective requirements and trends, enabling technologies,
potential difficulties, and future research paths related to 6G.A 6G
networks will rely on new technology to achieve dhe
requirements. We have highlighted thetential applicationshat

may be utilized for 6G communication in addition to explaining
the vision and aim of 6G communications.
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Abstract

In this paper, thé&chrodinger equation for two dimensional finite
rectangular well potential has been solved numerically. The lower
angular excited state wave functions and their corresponding
energy eigenvalues are determined as well. These calculations are
performed usinghe finite difference time domain method (FDTD)
by taking advantage of the symmetric properties of the wave
functions. Since there are no exact analytical solutions to the finite
rectangular well potential, so in order to confirm the accuracy of
our calcuations, we studied different values of potential depths
with certain value of potential area then we compared our results
to the exact solutions of the infinite well potentials with the same
area.

Kew words: finite difference time domain method, finitguare

well potential, finite rectangular well potentials, Schrédinger
equation
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1. Introduction

It is well known that solving Schrodinger equation for two
dimensional finiterectangular well potential cannot be achieved
analytically, since this potential is not separable potential.
Therefore, in this case one has to resort the numerical technique.
The Numerical methods have played an important role for solving
many physics mblems particularly in quantum mechanics. One of
the most useful and powerful numerical methods is the finite
difference time domain (FDTD) technique. It is successfully
applied to obtain the ground state for any given system due to its
diffusion behavior{1]. By modifying the boundary conditions of
this method, it is easily employed to obtain some lower excited
states beside to the ground state [2]. This modification involves
introducing lines of zeros on the initial guess wave function and its
second dewative. The only condition to apply this modification is
that the potential of the studied system is symmetric, and as we
will show later, the order of the excited states we can get depends
on the number of symmetry axes of the potential. Therefore,
applying this technique to the rectangular well potential that
contains two symmetry axes allows us to extract the first three
lowest angular excited states, while applying it to the square well
potential leads to get extra angular excited state due to thendlago
symmetry axis of this potential.
This paper is organized into four sections including the
introduction section as follows: the general theory section which
introduces the (FDTD) method scheme in {hmensions,
followed by the symmetric modification lseme used to get the
lowest angular excited states. In the calculations section, we apply
this procedure to both the finite rectangular well potential and the
finite square well potential, also the numerical results are
illustrated and discussed in thiscgen. Finally, the last section
contains the summary and the conclusion.
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2. General Theory
The time dependent Schrodinger equation is given by
el [ BD
Dﬁ O Bo h p
where'Ois theHamiltonian of the systenThe dimensionles$orm

of theHamiltonian in two dimensions is givéay

! ! o
Applying the (FDTD) method to solve the time dependent
Schrédinger equation requires transforming it into a diffusion type
equation as
. Tr et
O i
[ e T

This transformation is performed by replacing the real time

domain to imaginary time domain ie. Hb'

The solution of Eqg. (3) in two dimensions can be written as a linear
superposition of stationary states in the following forpd |1

8 o

[ ot G o Qenof h T

where ¢ are expansion coefficiente, «fto and O are the
complete set of eigenfunctions and their corresponding energy
eigenvalues for the timedependent Schrédinger equation,

O i O ftos 0

Since the (FDTD) method involves iterative procedure, so Eg. (4)
can be rewritten in a convenient form as

R 1313%] G o Qonoeyth ¢

whereYt is the imaginary time step ardis an integer represents

the number of the iterations. Applying the iterative procedure on
arbitrary initial guess wave function that includes a mixture of all
possible states will increase the value of the imaginary time
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domain in each iteration by value equabtb[3]. Therefore, for a
large imaginary time interval the wave functions with high energy
eigenvalues damp out quickly because of the fa@tarr O¢ Yt

and only the lowest energy state remains which isoofrse the
ground state in this initial guess wave functidfor an ideal
process the number of iterative stepthat required to obtain the
lowest state wave function approaches infinity and Eq.(6) becomes

o Qa GufEYt e oo Qo) 0Vt h X

whereO is the smallest eigenvalue, aodQ ® 'O £YT is just a
constant factor which can be removed by normalizing the final
wave function. It shoulde noted that normalizing of the wave
function is done after each itei@ti step

In this work, the (FDTD) method is employed to calculate the
lower angular excited states by using initial guess wave function
that contains lines of zeros laying on the -@ytnmetric axis of the
desired excited state wave function. The itempvocedure is then
applied using this technique and numerically maintaining the
symmetry properties of the desired wave function during the
iteration, this procedure will eventually result in the appropriate
lowest excited state. That is applying the atete procedure
subjected to the symmetric properties using initial guess wave
function that includes no lines of zeros will approach to the ground
state, while applying this procedure with the @ytinmetric
properties using initial guess wave functioattincludes one line
of zero will lead to the first angular excited state and so on.

Further details of explanation to calculate the energy
eigenvalues and their corresponding eigenfunctions using
symmetric properties of the potential wells in two dimensions, and
the conditions those ensure continuity of symmetry of the applied
initial guess wave function for both even parity and odd parity can
be found in [2]. Due to the success of the (FDTD) method in
applying it to two potentials that include: the simple harmonic
oscillator and the finite cylindrical well with highly accurate
results aglemonstrated in [2], therefore, the same proceiduaiso
applied to study the eigenvalues and eigenfunctions of a
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rectangular well potential in two dimensions thgse potentials
have no exact analytical solutions. Hence, we expect satisfying
results wil be obtained using similar numerical process.

In order to perform the iterative procedure involved in (FDTD)
method, one has to transform the diffusion equation Eq. (3) into
recursion form as follows;

Using the notation ; k [ "SchQufeat , the first order time
derivative can be approximated by using the forward finite
difference formula to be as

T 5 T 5 U [ h8 "
Tt M
In terms of the potential operator of the Hamiltonian in Eqit(2)
can be written as

, I I T B

Wil { Wh %8 w
Also, the Laplacian operator can be found in two dimensions by
using the central finite difference formula as
' n I n S & [ & [ A d n

Yo Yo

WhereY@is the mesh size between adjacent pa¥fiis @
@ , andYUis the mesh size between adjacent patibs w
W .
By plugging equations (8), (9) and (10) into Eq. (3) we get the
recursion form equation

[ h pm

yt
[ R |ﬁfriTﬁg,d)fﬁrﬁCfﬁ
Yt .
Thgg T A Th G wh PP
Whereg  isgiven by 5
P Ytwp.
| A 0 Yior P q
and’ j is given by
P
I h pTT(bﬁfa po
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In General, the success of the FDTD results is subjected by
choosing suitabl@arameters ofhe spatial grid size and the time
step. These parameters shosedisfy the stability condition [5, 6],
which is a very restricted condition, in order to prevent the

numerical solution from diverging thaté— yy— p.

Because othe symmetric properties, the space used in these
calculations is extended to thenclassical region and it is kept
small by using the end formula for the second derivative at the
boundaries which is given by,

"I G g U 5 T 5 T i
T w Yo

And by,
T IT'w GF g U j LA [k
T o Yo

As stated before, the iterative procedure applied on specific
initial guess wave function must be subjected to the symmetric
propertiesof this initial guess wave function, this can be achieved
by giving more care in the second order derivative calculations at
the axis. Therefore, if the axis includes zero line then the second
derivatives along this axis using anti symmetric property bell
equal to zero

Th PO

TR 1T
T w T w
If there is no zero linen the axis then the second derivative across
this axis using symmetric property will be given by
T T & S
T o Vo " Py
T T ad rn d &
T @ Yo
Also, introdudng zero line on the diagonal axis which presented
by red points in Fig. 1 allows us to calculate the third angular
excited stateThis condition is performed only for the square well

5¢

8 pX

8 p w
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potential. We apply the same mesh size for this case and the
second dewiatives are given by
T T T 1 g
reo T o
For the end points presented in Fig.1 namely, and |

the second derivatives with respecitare calculated by using the
end formula and ansymmetric properties as

™ 0Q M8 c¢m

) a g ur

5
~
-/
0
—
oy
¢

[ h
T ) hcp
T T & qd g U R ul H [ f
o Voo 866
/’r h
Ve |
7 |
/"'0
r/{ il h
7’ I 1
// |
[+ [ ih 1 h
4 [
// [ : :
Y Cant SEEET R
//| h' f‘ 1
7 1 | | |
L e T T R P

Figurel. lllustrates the second derivative calculations of the points
[ v and  inthe grid using the end point formula.

The energy eigenvalues are also calculated numerically by
evaluating the expectation value of the Hamiltonian for their
corresponding normalized eigenfunctions as [7, 8]

0 o [ %O YaYah Co
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whereo is a factor depends on the calculation area, in other words
since the calculations of the first three lowest states are restricted
to the first quarter ofx-y plane thend 1 , whereas, the
calculations othe third excited state are restricted to one eighth of
x-y plane therdo .

3. Calculations
The two dimensional finite well potential is given by,

oo @ Ve —TwR —j

D L8 T
T DADI VQI Q

wherew is the depth of the potential, and 0 are the lengths of
the potential, so ifd 0 we get the rectangular well potential,
while if 0 0 0 we get the square well potential.

In the distance unit and energy unit— the dimensionless
form of the time independent Schrédinger equation is given by,

[oahd 0ol oy 7 afwoh QU

wherel o u—wufm hand - —

This second order partial differential equation foité rectangular
well potential cannot be solved using separation of variables
technique,thereforeno exact results are offered for analytical
solutions. So, we compare our humerical energy eigenvalues with
the analytically eigenvalues of the infinite wpbtentials with the
same dimensions, which are given in teéucedunits by

. e ¢ S .
- ¢k — he ke plt fohB (0]
0 0
3.1. The finite rectangular well potential
Since there are only two symmetric axes on the rectangular well

potential, then applying the symmetric techniques lead to the three
lowest angular excited states beside the ground state, their
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corresponding energy eigenvalues and eigenfunctions are shown i
the following tables and figure$She simulation is performed using

an appropriate size of mesh gridéfYw and the imaginary time
step Yt. After enough number of iterations, the exact state
functions are obtainedGenerally, the accuracy of computed
eigenvalues and eigenfunctions involve small grid space and large
computational steps.

Table 1, illustrates the ground state energy eigenvalues
calculated numerically for the rectangular well potential with five
values of potential depths correspondingptiential area o€ .

For these lengths the exact ground state energy eigenvalue for the
infinite well potential calculated using Eq. (26) is pip

¢® ¢ p The expectation here isthét - 0 approaches

for large or infinitev . This slift in energy amounts by changing

the zero reference point to the bottom of the well #rds also
expected to be less thanbecause of wave function spread.

TABLE 1. The Numerical Ground State Eigenvalues for Finite
Rectangular Well Potential with Area 2X8

= ~ )

The depth The energy eigenvalug ¥ h Yy
100 -97.9862 2.0138 0.6078
1000 -997.7742 2.2258 0.3958
3000 -2997.6811 2.3189 0.3027
5000 -4997.5941 2.4059 0.2157
7000 -6997.4897 2.5103 0.1113

The lowest odd angular excited state energy eigenvalues are
calculated for the rectangular well potential with well lengtés,
in this case we can set tkexisor they-axisas the zero line. The
numerical results are listed in Tables 2, 3. Using Eq. (26) the exact
energy eigenvalues for the infinite well potential corresponding to
this area arer plt o8t Tfor the x-axis zero line and
- ¢Ip  p B¢ ofor they-axiszero line.
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TABLE 2. The Numerical First Angular Excited State Eigenvalues
for Finite Rectangular Well Potential with Area 2X8 for Zero x-axis

The depth The energy eigenvalug £ h y
100 -97.5495 2.4055 0.6788
1000 -997.3821 2.6179 0.4664
3000 -2997.2953 2.7047 0.3796
5000 -4997.2054 2.7946 0.2897
7000 -6997.0944 2.9056 0.1787
9000 -8996.9636 3.0364 0.0479

TABLE 3. The Numerical Second Angular Excited State Eigenvalues
for Finite Rectangular Well Potential with Area 2X8 for Zero y-aX|s

The depth The energy eigenvalue £ h y
100 -92.5498 7.4502 2.5736
1000 -991.7842 8.2138 1.8100
3000 -2991.5713 8.4287 1.5951
5000 -4991.4194 8.5806 1.4432
7000 -6991.2573 8.7427 1.2811
9000 -8991.0681 8.9319 1.0919

Finally, the third angular excited state energy eigenvalues
calculated numerically with five values of potential depth
corresponding to potential are@xp are shown in table 4. This
angular excited state contains two perpendicular lines of zeros. For
these lengths the exact second angular excited state energy
eigenvalue for the infinite well potential calculated using 26)

is- ¢t pB You
TABLE 4. The Numerical Third Angular Excited State Eigenvalues
for Finite Rectangular Well Potential with Area 2X8

=

The depth The energy eigenvaluel + h Yy
100 -92.1583 7.8417 2.6448
1000 -991.3923 8.6077 1.8788
3000 -2991.1861 8.8139 1.6726
5000 -4991.0317 8.9683 1.5182
7000 -6990.8635 9.1365 1.3500
9000 -8990.6663 9.3337 1.1528

It is clear from the results shown in the previous tables that by
increasing the potential depth the results converge to the infinite
well potential results which affirm our calculations. These
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calculations are performed witht T8t mand Yo Yo 19,
with these parameter® 11 Titerations are sufficient to get
acceptable results. Numerically, the integral calculations are used
to norm the wave function and those are used to determine the
energy eigenvalues are evaluated by using the trapezoidal rule.

In Fig.2 (a, b, c, d), we show the contour plot of the numerical
eigenfunctions of the lowest four states for the rectangular well
potential of deptlp 1T @nd dimensiong 8 Kspectively.

..
60
40
. .

20 40 60 80
a b

| ) i .
2 60 60
40
o4 40
0.2
02 o 20
40 60 8| 40 60

0 20
c d

20 80

Figure2. The contour plot of the lowest four states wave functions of
two dimensional finite rectangular well potential with depth 100 and
lengths 2X8.
a. The normalized ground state wave functiory, eh« 8
b. The normalized first angular excited state wave function

F R OFI 8

c¢. The normalized second angular excited state wave function
F p o 8

d. The normalized third angular excited state wave function
F 5 o 8

3.2. The finite square well potential.
The usublsquare well potential could become special case for
the rectangular well with similar initial conditions. In addition, the
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same mathematical model was used in order to demonstrate the
usefulness of the (FDTD) method to study the wave equation of
the squee well potential. Because of the symmetric properties of
the square well we can extract the third angular excstade
beside the three lowest states by introducing a diagonal zero line.

The results in table Sshow the numerically calculated energy
eigenvalues for the four lowest states for the square well potential
with depth 100 and lengthdt which has the same area of the
previously studied rectangular well potential.

TABLE 5. The Numerical Lowest Four States Energy Eigenvalues
for Square Well Potential with Depth 100 and Dimensions 4X4

The state Energy eigenvalue

Ground state (no zero line) -98.9285

1stangular excited state (one -97.3547
line of zero)

2"d angular excited state (two -95.7816
lines of zero)

39 angular excited state (three -89.5083
lines of zero)

The contour plots of the numerical normalized wave functions
associated with the energy eigenvalues presented in table 5 are
shownin Fig 3. The ground state wave function is presented in Fig
3a, while Fig 3b. presents the degenerated first angular excited
state wave function that contains one zero line layinghor o, Qi
Fig 3c. presents the second angular excited state waetofun
and Fig 3d. presents the third angular excited state wave function.
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Figure3. The contour plot of the four lowest states wave functions of
two dimensional finite square well potential with depth 100 and lengths
4X4.
Thenormalized ground state wave function.
The normalized first angular excited state wave function.
The normalized second angular excited state wave function.
The normalized third angular excited state wave function

oo o

Conclusion

In this paper we presented the numerical solutions of the lowest
angular excited states for a particle trapped in-dvmoensional
finite well potential. These solutions are produced by applying the
(FDTD) method using the appropriate symmetric arguments,
because of the symmetry of the potential, the wave functions can
always be classified into symmetric or asymmetric wave
functions. Also, these symmetry arguments reduce the computing
cost to 25 % by using only the first quadrant. Further reduction of
computing cost is obtained by using the end formula for the second
derivative restricting the calculations to even a smaller region in
the first quadrant. Two different shapes of the finite well potentials
are studied in this investigation, the first shapehie rectangular
well which involves two symmetric axes allowing us to calculate
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the lowest angular excited states that contain two perpendicular
axes, either both of them are symmetric axes, or only one of them
is zero axis, or both of them are zero axidse second shape is the
square well which includes four symmetric axes that allows us to
calculate extra angular excited state that contains diagonal zero
axis. In the first example we checked our results by comparing it
with those corresponding to th&aet energy eigenvalues of the
infinite rectangular well potential with the same area, such
comparison gave us good guide for the accuracy of our numerical
results.
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Effects of Indole Butyric Acid concentrationsStudy
on the Growth of Vicia Faba Plant Under Salt Stress
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Abstract

To recognize the validity of plant type for the soils that
characterizedy high salinity, it is importantto study how much
the plantssufferedfrom growth rate at different concentrationof

salt stress.This study was performedon the effect of Indole

Butyric Acid (IBA) on the growth of Vicia Faba plant undertwo

differentconcentratior(4 gm & 9 gm) of sodiumchlorideandthe

controltreatmentwithout (IBA andNaCl2). Shootard root length
wereeffectivelyimprovedunderthe thedifferentlevelsof indole 3

acetic acid .The data regardingroot length are showedthat the
lengthof root is significantly affectedby IBA at the two different
levels comparingwith the control sampleof distilled water. The

valuesshow that maximumroot length at R1 (13.2 cm) for the

treated samples at concentration (4 gm), while (4.5 cm) for

untreatedsamplesOn the otherhand,R3 displaydifferentvalues,
whereas,t was (12.4 cm) for treatedsampés and (7.5 cm) for

untreatedsamples.At the concentration(9 gm) seamsto more
affectedby salt stresseswhereasthe root length was (10.9 cm)

and (6.3 cm) for treatedand untreatedsamplesespectively Also,

it is obviouslythat the numberof lateral roots have beenaffected
by the salty stressesThe obtainedresultsreflect this affecting,
whereas,R1, R2 and R3 showing variable values for the two

concentrationlevels (4 & 9 gm) for both treatedand untreated
samplesThevaluesare(15& 12),(16& 10),(14 & 13)and(19&

9),(14& 11)and(12 & 8) respectively.

Theobtainedmeasurementsxhibit moreor lessthe samebehavior
of leaves lengths. Whereas,the plants more affected at high
concentration(9 gm) comparingwith concentration(4 gm). The
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highestvaluewasrecordedat R2 (2.6 cm) for the treatedsample(4
gm).

From the obtained results it is observedthat, the salinity at
different concentratiorcausesleardecreasingn the plantgrowth
for theinvestigatedsamples.

The changingof measurementparametersnainly relatedto the
natureof soil salinity. The resultsexhibit a wide variationof these
parameter$or bothtreatedanduntreatedsamples.

Plantgrowth stronglyaffectedat high concentratiorof saltstresses
(9 gm). The increasing of salinity in the soil may be leadsto the
increaseof accumulationin planttissueswhich affectednegatively
ongrowthrate.

Keywords: Vicia Fabasaltstress|BA, concentrationgrowth.
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1. Introduction
Vicia fabais animportantfood legumecrop grownfor humanand
animal consumptionglobally especiallyin china north African
countriespartsof Europeaswell asnorthandsouthAmericas,is a
specief flowering plantin the peaandbeanfamily fabaceae
In Egyptamongthe mostimportantlegumedaba beanwhich used
on a large scaleas tradional humandiet becausedt containhigh

percentag®f proteinssoit is importantto increasenaximizeyield
of faba bean on the other hand faba bean is important for
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agricultue becausef its high protein contentand symbiosiswith

rhizobium bacteriain Egypt matureseedsof faba beanare good
sources of protein starch cellulose vitamin ¢ and minerals
biostimulantsare an organic material that has been shown to
influence seveal metabolic processes such as respiration
photosynthesiandnucleicacid synthesisandion uptakeandwhen
applied in small quantities enhances plant growth and
development.

Fababeanis anannuallegumebotanicallyknownasVicia faba|[8]

the crop is known by many namesmost of which refer to a
particularsubgroupratherthanthe whole species. fababeanfava
beanbroadbeanhorsebeanwindsoebeantick beans(smaltypes)
Bakela (Ethiopia) body kumouvje (former USSR) faveira
(Portugal)[9,10].

Indole 3 -butyric acid (IBA) is anauxinprecursotthatis converted
to IAA which consideredan important player in controlling the
growth of lateral roots [1,2]. Moreover,the enlargemenbf root
systemss causedby branchingvia lateral root formation andthe
extent of root branchingis dependenbn the growth stateof the
plant [3]. IBA haslong beenusedin agricultureto promoteroot
initiation growth from plant cutting .However, IBA inhibits
primary root elongationand stimulateslateral root formation [4].

It has been establishedthat Indole-3-butyric acid (IBA) is an
endogenousompoundin a variety of plant speciesvhenapplied
exogenouslylBA hasavarietyof differenteffectson plantgrowth
and developmentHowever, the compoundof IBA usedfor the
inductionof adventitiougoots(Ludwig- Muller, 2000)[5].

Further analysis demonstratethat IBA- derived IAA plays an
essentialrole in root hair and cotyledoncell expansion[6]. The
discoveryof auxin as a plant growth hormone, its physiological
effects and practical application attracting story of horticultural
research[7]. It has been reportedthat the synthetic Indole-3-

butyricacid IBA has the capacity of forming roots which more
effective than IAA for rooting. All the growth regulatorsare not
equaly stablefor rooting growth. However,the growth regulators
Indole Butyric acid is one of the most widely usedin order to

achieve high percentageof rooting growth successfor the
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ornamentalspecies.The currentinvestigationwas carried out in
order to enhancethe rooting system ability by using different
concentratiorof IBA ( Indole Butyric acid [7]. The main aim of
this study is to find out the best concentrationof IBA for the
growth and rooting of beansplant, We aim to investigatethe
mechanismaunderlying the growth of lateral roots, which may
lead to the enhancementof crop agriculture, through the
production of better yields or by increasingresistanceagainst
adverse environmental conditions such as low nitrogen, low
phosphateanddrought.This will aid in the productionof food for
thegrowingglobalpopulation.

2. Objective of Study

The main targetof this studyis to investigatethe effect of Indole
Butyric Acid (IBA) on the growth of Vicia Faba Plant under
differentconcentratiorof saltstresse soils.

3. Materials and Methods
An experimentwas conductedn the laboratoryof the Faculty of
Science Departmenbf Botany,University of Tobrukaccordingto
the methoddescribedin [13] This study was carried out through
DecembetJanuary months of 2021 year. The experimentwas
performedto know the effect of Indole-3-Butyric acid andsodium
chloridesaltontherootingandgrowth of beangVicia faba) seeds,
andthe experimentwas carriedout in a laboratoryin plastic pots

with a diameterof 25 centimetersand a depthof 30 centimeters
whereeachtreatmentasrepeate® timesandeachpot contained
2 kg of soil afterbeingwashedwell by distilled water.

to getrid of the saltsin it, thendried and sterilizedunderthe sun
for 24 hoursto seethe effect of soakingthe seedswith Indole -3-

butyric acid IBA at a concentratiorof (300) ppm for 24 hoursand
anothersoakedin distilled water. For the sameperiad on the
germinationandgrowth of seedsn salinemediadifferentresulting
from dissolving quantitiesof 99.9% NaCl in distilled water and
distilled wateronly (watch)(400,900) ppm, equivalentto (9, 4, 0)

gramsper liter and its efficiency in improving germinationand
seedlinggrowth characteristiceinderthe influenceof salt stressof
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beansMeasurementsveretakenfor the seedlinggrowth stagefor
eachpot containingfive (5) seedghatweresuperficiallysterilized
with 5% sodiumhydrochloratesolution.

4. Resultsand Discussion

The resultsof the experimentalworks of four parametersvere
measuredhe period of the investigationof effect of IBA (Indole
Butyric Acid) levelsonthegrowthandrootingof Vicia fabaplant.
This studywas performedto assessmerBA levelsfor achieving
growth at the different concentrationsthese concentrationsare
4gm and 9gm at three casesR1, R2 and R3 for treated and
untreatedsamples.The obtainedresultswere presentedn Table
(1).

4.1.Length radical (cm)

The dataregardingroot lengtharepresentedn Table (1).
Theresultsshowedthat the lengthof root is significantly affected
by IBA at the two different levels comparingwith the control
sampleof distilled water. The values show that maximum root
lengthat R1 (13.2cm) for the treatedsamplesat concentratior(4
gm), while (4.5 cm) for untreatedsamplesOn the otherhand,R3
display different values, whereas,it was (12.4 cm) for treated
samplesand (7.5 cm) for untreatedsamples At the concentration
(9 gm) seamsto more affectedby salt stresseswhereasthe root
length was (10.9 cm) and (6.3 cm) for treated and untreated
samplesrespectively.This is attributedto the role of indole 3
aceticacid in viciafabaplant, becausat encourageshe creaton
of cellularenzymeslt hasbeenprovenwith certaintythatindole 3
acetic acid encourageghe formation of enzymes,and they also
found that indole 3 acetic acid encourageghe formation of
enzymesfor protein, and that this causesthe releaseof amno
tryptophan,which is the nucleusor precursorto the formation of
auxin. This auxin performsits work in the cell wall, andit is found
thatit performsthe actionof indole 3 aceticacidin the plantand
thisis in agreementvith whatwasfoundby [ 11] that
Treatmentsat 1 O Taidd1 O TMPIAA tendedto increasethe leaf
numberandleaf areacomparedvith otherlAA treatmentsandthe
control. | A A Opsimary efficiency was to stimulate the
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developmenbf stemsandroots, lateral root production,and root
elongationby extendinghenewcellsin themeristem.
It was noticedthat the concentratiorof IBA affectingon the root
length comparingwith the control samplesFigure (1) a bar char
depictedthis variation of the results,while Figure ( 2) is a radar

chart.

Tablel. Measuredvaluesof root length Length radical

Root length (cm)
Replication Treated Untreated
Distilled || Concentration | Concentration Distilled Concentration || Concentration
water (4 gm) (9 gm) water (gm4) (gm9)
R1 44 13.2 6.2 5.4 4.5 4.2
R2 6.3 10.8 8.4 6.8 55 44
R3 8.4 12.4 10.9 1.5 14 6.3
Root length
14
12
'é' 10 0.5
<
£8 4
c
u . .
ol 9 3 MDistilled water
3 M Concentration {4 gm)
e 4 2 4 Concentration (9 gm)
2
D ! —l - . -k - - SN
RiTreated R1 R2Treated R2  R3Treated R3Un
Untreated Untreated treated
Investigated samples
Fig. 1 Bar chartof rootlengthvalues
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4gm (UT) \/ 9gm (T)
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Fig. 2 Radarchartof rootlengthvalues

4.2.Lateral RootsNumber

Also, it is obviously that the numberof lateral roots have been
affected by the salty stresses.The obtainedresults reflect this
affecting,whereasR1, R2 andR3 showingvariablevaluesfor the
two concentratiorlevels(4 & 9 gm) for bothtreatedanduntreated
samplesThevaluesare(15& 12),(16& 10),(14 & 13)and(19&

9), (14 & 11)and (12 & 8) respectivelyTable (2). This variation
more clearly depictedthroughbar chartsin Figure (3) andradar
chartin Figure (4).

Table 2 Measuredvaluesof lateral roots number

Number of lateral roots
Replication Treated Untreated

Distilled || Concentration || Concentration Distilled Concentration | (oncentration
water (4 gm) (9 gm) water (gm 4) (gm9)

Rl 9 15 16 16 12 9

R2 12 16 14 14 10 11

R3 13 14 12 17 13 S
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16
)
g 14
™ 12
1]
E 10
L 8 .
= M Distilled water
25 W Concentration (4 gm)
E n I Concentration {9 gm)
=
2
0 - -
R1Treated R1  R2Treated R2  R3Treated R3Un
Untreated Untreated treated

Investigated samples

Fig. 3 Showsthevariationof lateralrootsnumber
D

9gm (UT) 4gm (T)

==RI
=Rz
~R3

4gm (UT) Sgm(T)

AT
Fig. 4 Radarchartfor lateralrootsnumber

4.3.Leaf Length

To recognizeso far the salty stressesoil how much affecting on
the rate of plant growth, the investigationstudywas conductecon
the plant leaves.From the reporteddatait is clearly that the leaf
length also affected by salty stressesFrom Table (3) we can
observedhat at level two of concentration(9 gm) is lower values
comparingwith the concentration(4 gm). The highestvalue was
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recordedat (4 gm) for treatedsampleof R3 (5.2 cm). On the other

hand,Figure ( 5)

display the variation betweenthese valuesthrough the bar chart

representatiorand radar chartin Figure (6). However, this an

argumentwithout resultsthatleaf lengthandwidth wereincreased
atlow IAA concentratior{f 1 0 Micbmparedo thecontrol.

Table 3 Measuredvaluesof leaf length

Leaf length (cm)
Replication Treated Untreated
Distilled | Concentration || Concentration Distilled Concentration || Concentration
water (4gm) (9 gm) water (gm 4) (gm 9)
Rl 22 4.3 4.2 23 1.5 14
R2 1.9 48 4.5 22 14 1.2
R3 31 5.2 4.9 2.9 1.7 13
Leaf length
5] |
|
|
i
T 5
- ; 19
2 | 4.5
5 4 42 |
=
g i
w3 |
3 | Distilled water
7 i Concentration {4 gm)
| Concentration {9 gm)
|
1 | N L2 13
i
ok JI_ L L £ . -

RiTreated R1  R2Treated R2  R3Treated R3IUn
Untreated Untreated treated

Investigated samples

Fig. 5 Depictsthe variationof leaflength
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Fig. 6 Radarchartfor leaflength

However,to make surethe affecting of salt stresse®on the plant
growth, leaves wide have been measured. The obtained
measurementgxhibit more or lessthe samebehaviorof leaves
lengths.Whereasthe plantsmoreaffectedat high concentratior(9

gm) conparingwith concentration4 gm). The highestvalue was
recordedat R2 (2.6 cm) for the treatedsample(4 gm) asshownin

Table ( 4).

Table4. Measuredvaluesof leaf wide.

Leaf wide (cm)

Replication Treated Untreated
Distilled | Concentration | Concentration | Distilled | Concentration | Concentration
water (4 gm) O gm) water (gmd) (gm9)
R1 11 24 21 1.2 2.0 11
R2 14 2.6 22 13 23 12
R3 1.6 23 20 L6 22 13
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Figure (7) abarchartgivesa clearview for therangeof variation
betweenthe measureddataof leaveswide, whereas Figure 8 of
radarchartemphasizehis variation. In general,this reflectedthe
affectingof plantundervariableconcentratiorof saltstresses.

Leaf wide (cm)
Pt

[

2

1.5

M Distilled water
M Concentration (4 gm)
M Concentration (9 gm)

R1 Treated R1 R2 Treated R2 R3 Treated R3Un
Untreated Untreated treated

Investigated samples

Fig. 7 lllustratesthe variationof leaf wide

Uw

9gm (UT) 4gm (T)
==R1
-—R2
==R3

agm (UT) 9gm (T)

[pitly
Fig. 8 Radarchartfor leafwide
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5. Conclusion
Fromthe previousstudy,thefollowing conclusioncanbedrawn:

1. The salinity at different concentration causes clear
decreasingn the plantgrowthfor theinvestigatedsamples.

2. The changingof measurementparametersnainly related
to thenatureof soil salinity.

3. Theresultsexhibit a wide variationof theseparameters$or
bothtreatedanduntreatedsamples.

4. Plantgrowth stronglyaffectedat high concentratiorof salt
stresse$9 gm).

5. The increasingof salinity in the soil may be leadsto the
increaseof accumulationin plant tissueswhich affected
negativelyon growthrate.
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FREEZE-THAW AND SULFATE RESISTANCE OF
GEOPOLYMER MORTAR MADE OF WASTE
MATERIAL

Abdoslam Alnkaa
Higher Institute of Sciencesnd Technology Yefren
nankaa@rocketmail.com

ABSTRACT

The aim of the present experimental study is to investigate the
resistance of little cementitious vatbased geopolymer mortars
subjected to sulfateesistance (3 months) and freg¢haw cycles

(150 cycles). Waste material was used as the base material to
produce geopolymer mortar. Three types of waste material, namely
Slag (GGBFS), fly ash (FA) and glass powder (GP), all of which
can be activated witlan alkali agent, were selected to study the
effect of the stearsured (SC) and wataured (WC) methods on

the mechanical proporties of the geopolymer mortar with a
constant concentration (12M) of sodium hydroxide. Upon the
analysis of the modulus of somin silicate (NaSi0/NaOH = 1)

and the different proportions amounts of geopolymer in these three
materials- GGBFS, FA, and GH the results indicate that the
compressive strength value of all specimens was higher than the
values obtained for them oncetrsubjected to any freezbaw
resistance test, except for those containing GGBS and GP. It can
be inferred that the investigated geopolymer FA materials possess
an highly acceptable freeze resistance under wveated
conditions. In addition, all these epmens exhibit high levels of
resistance to magnesium sulfate immersion and again their
compressive strength values under WC conditions are found to be
higher than those under SC settings.

Keywords: Fly ash, Geopolymer mortar, Sodium silicate, Sodium
hydroxide, Slag, Compressive strength and flexural strength,
sulfate exposure.
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INDREDUCTION

Producing geopolymer mortar can help to decrease negative
environmental impactsn case of Portland cement (OPC). By
merely substituting this material, the amount of.C€&eased can

be brought down significantly. To provide an example, making 1
ton forms roughly the same amount of £ ®hich finds its way

into the atmospher¢l-3], not to mention the ndefor about
2800Kg of raw materials apart from fuel and others and the release
of another 510 percent of airborne dujgk].

A number of nati ons ar e signatory
Convention on Greenhouse Gasgd992 held in Rio. Two years

later, the Convention was made effective and accepted by 196
countries, including Turkey, with the aim to decrease greenhouse
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gas emissions and help to bring down the rate of global warming
by 2 ° C until the year 2108].

For this reason , reducing G@mission has become a need and
can be achieved by deloping, for one, different cement foldérs

for example, groungranulated blast furnace slag and fly ash
which is considered very well documented and efficient in order to
make better mortar from OP{®B, 7]. A benefit of these waste
materials is that a great number of different alunsiiaate
sources are formed as irglual residues, such as fly ash, slag, etc.,
able to be activated by adding an amorphous phase (this is myt
understanding of the original vague statement. Also, numerous
activators including alkali sulfate, carbonate, hydroxide or silicate
can be utilizedin this process. Alkali, in particular Na or K
silicates, are ingredients that help to create beteiorming
materials[8, 9] and have significant indtrgal importance in the
activation procesgl0].

Considering other research efforts in this respect, one can see that
geopolyners ahvce so far been primarily based on fly ash class
F(FA) or ground granulated blast furnace slag (GGBFS). These
previous attempts have laso been mostly focused on geopolymer
concrete and mortars as regard the engineering properties of FA
and GGBFS baskgeopolymer concretfl1-13]. Apart from this,

few defects arassociated with the impact of alkaline activating
ratios (NaSiOz; / NaOH) on the mechanical properties of
geopolymer mortafl4, 15] Yet, studies are rare as far as the
effects of different types of cung are concerned on the element of
resistance to freezinfhawing and sulfate resistance of
geopolymer mortars.

Given this background, in the present study, class F (FA), GGBS,
and (GP) which is rich in silica and alumina are used as primary
materials forthe geopolymer mortar as described in Table 3. The
motivation behind this experiment is that there has always been a
future initiative to come up with the best mortars using only 100%
industrial byproducts at low cost, power consumption, and
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environmentalimpact with improved engineering properties and
superior durability.

This research primarily focuses on investigating the effect of
watercured and stearoured techniques on the fregbaw and
sulfate resistance of geopolymer mortars based on FA, GGBFS,
and GP. A major challenge to producing successful geopolymer
mortars is determining the right mechanics at low temperatures.
Like Portland cement, the geopolymer interaction is more easily
achieved at ambient temperatures and, while it may be possible to
examine test samples at high temperatures under laboratory
settings, it is more difficult to do so in the site itself.

Geopolymer materials are regarded as possessing high degrees of
resistance to sulfate solutions and low temperatures in general
thanks tohigh freezethaw levels. Mortar from the materials can
stand freezing and maintain its properties. FreeZimgwing
resistance is quite essential in the construction sector as buildings
are meant to stay the influence of varying temperatures for
extendedperiods of time. Reports are available on freeze work
applied to waste materials such ascléss FA and GGBFS.
According to studies, compressive strengths value of geopolymer
mortar samples after 150 freettew cycles tend to decrease by
just 30% befor¢he freezethaw cycles test. [18].

Sun et dlL6] reports on the durability of freezbaw in fly ash
based alkatactivated mortars under normal conditions and sulfate
and hydrogen sulfate @8Qs) resistance of fly ashased
geopolymer mortars cured under norneahditions. The results

are compared with OPC mortars, concluding continuous increases
in mass, dynamic modulus and compressive strength with time as
well as resistance of FA mortars to 5%.8@is solution being
better than that of OPC.

Thokchom et al. sidied the effect of magnesium sulphate solution

on fly ashbased geopolymer mortar samples. They immersed the
samples in 10% by weight MgSO4 solution for 168 days, after
which period the samples showed very little increase in weight and
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decrease in compssive strength by about 56%7]. The results
show that fly ash has acceptable resisting properties against
MgSQs solutions and, thus, may be used in -prene
constructions such as tunnels and skyscrapers.

EXPERIMENTAL WORK

Materials:

At this stage, tested mixtures were based on class F fly ash (FA),
ground granulated blastirnace slag (GGBFS), and glass
powder(GP and tested as to variations in the proportion of waste
material and basic alkali activator (sodium siliespelium
hydroxide) to improve the mechanical properties of the
geopolymer mortar.

Fly ash FA:

Most of the fly ash available worldwide is a laa&lcium by
product obtained from burning anthracite and bituminous coal. The
substance isconsidered one of the most important source materials
for geopolymer cement. In general, the value of CaO content is
less than 10%, while that of SI® Al.03 +FeO3 exceeds 70 %,
thereby creating the potential for alkali reaction. Most of the fly
ash consists of coal combustion from a heterogeneous mixture of
aluminosilicate and fused silica as well as small amounts of
crystalline materials including molybdate, quartz, hematite and
magnetite. This degree of heterogeneity means that additional care
is needed to ensure a perfect mix design and a consistent final
product. The study was condructed at
Station in Zonguldak, Turkey. The specific gravity of the FA was
2.39g/cni and the fineness was 6000%m

Ground Granulated Blast-Furnace Slag (GGBFS):

Ground granulated blast furnace slag (GGBFS) is another
industrial byproduct resulting from rapid ater cooling of molten
steel. It is known to have beneficial properties for the concrete
industry due to being relatively inexpensive, resistance to chemical
reactions and maintaining excellent thermal properties. In general,
the value of Si@+ Al>0Os3 +Fe0O3 exceeds 84 %. In this study, the
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GGBFS was provi dedStdelrFactoryin Dyak, Er eJ | i
Turkey, with a specific gravity (S.G) of 2.81 g/cm3 and a fineness
of 4250. The chemical composition is shown in Table 1.

Glass Powder (GP).

The glass powdds grounded using a Los Angles machine and to

produce finer ash, further grounded with a small mill. The mean

di ameter of particle size is about
2.56 g/cm3 and the fineness of 532Cfgn

Table 1. Chemical composition of @BFS, GP and FA (%)

Oxide SiO2 | Al203 | Fe203 | CaO | MgO | SO3 | K20 | Na20

GGBFS | 36.7 | 5.20 0.98 32.61)10.12|0.99 | 0.76 | 0.42

FA 61.81 | 9.54 7.01 177 1256 |031]099 |243

GP 72.66 | 1.57 0.39 11411124 |0.07 | 054 |12.89

Standard Aggregate:
The aggregate used in tetudy was standard and in accordance
with the TS EN196€L. The sieve analysis is given in Table 2.

Table 2. Sieve analysis

Sieve Size (mm) | Remaining cumulative (%)
2,0 0
1.6 745
1 3315
0.5 67+5
0.16 875
0.08 99+1

Alkali Activator:

The alkaline activator used in this experiment was a combination
of sodium silicate and sodium hydroxide solution. Also, the
activator from the sodium silicate solution ga= 11%, SiQ =

31% and water = 57% by mass) and the sodium hydroxide (NaOH)
soluion was prepared by dissolving small, compressed mass of
sodium hydroxide in water with a concentration of 12M.
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Preparation of Specimen Mixtures:

Blended slag, glass powder and fly ash alkativated mortars are

the subject of tests in this study, whewe used standard
aggregate, GGBFS, GP, FA, water, NaOH, andSi\& so as to
achieve conformity with the FEN1961 standardg[18]. The
waterto-binder ratio (W/B) is a welknown factor that affects
mortar properties. Thus, a constant value of 0.33 was adopted for
this factor again in accordance with -EBI1961[18]. Sodium
Metasilicate/ binder ratio[S/B] is 0.4 and also standard
aggregate/binder ratio [A/B] is 23. The mortars were cured at
different temperatures and under two different conditions: In the
first watercured (WC) series the specimens were placed into a
water tank and curing remained to the age of test. The temperature
of water curing was kept atalrange of 20 + 2°C. This method is
similar to that used for curing Portland. In the second steam cured
(SC) series, steam water curing took place at 85 °C for 12h,
followed by standard curing at 20 = 3 °C until testing. The design
of the mixtures was sinified by replacing 5% GGBFS (by
weight) with FA and GP in order to reach an optimum ratio for
each curing condition. The ingredients of the mortar mixtures are
given in Table 3[19].

Table 3. Mortar mixture ingredients

specimens| GGBFS FA GP
NO % % %
SO 100 0 0
S1 90 0 10
S2 85 0 15
S8 90 10 0
S12 85 15 0
S15 70 15 15

Testing:

Freezingthawing and sulfate resistance of geopolymer mortar
specimens were investigated in terms of visual appearance, weight
loss, and loss of compressive strength.
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Freezing Thawing Resistance:

Freezingthawing of slag, fly ash and glass powtesed
geopolymer mortars were carried out to determine weight loss,
compressive strength, and ultrasonic. Frebagv resistance was
tested on the 40*40*160 mm specimens afi@rdays with two
types of curing. In this test, the mortar specimens were put in
freezer at-20°C for 4h for freezing and in water at room
temperature for 4 h for the thawing period. The freetirayving

test cycle was repeated for 150 cycles and theomapressive
strength test was conducted. Also, the same specimens from each
type of the mixture were kept at the same curing condition during
the freezingthawing test of the other specimens and all mortar
specimens were tested at the same age. Befotmgttr test the
specimens for the freeze and thaw cycles, they are weighed and
then measured by ultrasonics. The Freasv specimens after
these tests are shown in Figures 1 and 2.

Figure 3 ight loss results after freghaw test with 150 cyclder
WC.
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150 cycles

Figure 2. Geopolymer Mortar after 150 cycles for SC.

The freeze resistance of the geopolymer mortar specimens with
steam curing were investigated using 150 freezing and thaw
cycles. As per Figure 2, the mass of the samples did not clhange
that is, no disintegration occurredduring the freeze and Thaw
cycles testing. The values of the compressive strength of samples
were smaller after freezbawing cycles as compared with those
obtained for the samples after 90 days. No damage or deformation
could be detected after 150 cycles. The strength of the samples
after 150 Freezd&haw cycles is lost between 4% to 27% of that
determined after the same period of time (Figures 6). Also, except
for SC8, SC12 the strength of these samples after 150 freezing
cycles increased to about 13 percent of that determined after the
same period of time. It is evident from the results obtained that the
investigated geopolymer FA materials possess a very high level of
freeze resistance. From Figure 6, it can be obséhadhe weight
losses are ranged from 0.29% to 3.19%.
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The freeze resistance values of geopolymer mortar specimens with
WC were investigated using 150 freezing and thaw cycles. The
mass of the specimens (WCO, WC1, and WC2) was changed and
surface disintgration occurred. That is, this effect can actually be
seen in the figure 1. The weight losses were 6.44%, 11.75%, and
7.52% for WCO, WC1, WC2, respectively where does this fig 3
belong. The losses of the compressive strength of specimens were
52%, 42% aftr freezethawing cycles as compared with the values
obtained for the samples after 90 days for WC1, WC2, respectively
(see Fig 4). No damage or deformation could be detected after 150
cycles for other specimens WC8 to WC15. The strength of this
sample attr 150 freezing cycles increased to range from 13% to
18% of that determined after the same period of time, and the
maximum compressive strength was 92.1 MPa at WC8. 1t is
evident from the results obtained that the investigated geopolymer
FA materials posess a very high and promising level of freeze
resistance.

specmens type
) WCLlz2 WELS

Figure 3Weight loss results after freghaw test with 150 cycles for
WC.
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Figure 4. Compressive strength loss results after fréneze test with
150 cycles for WC.

Specimens type
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Figure 5. Weight loss rafts after freez¢haw test with 150 cycles for
SC.
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Figure 6.

Compressive strength loss results after frebae test
with 150 cycles for SC.

Ultrasonic pulse velocity test:
Ultrasonic pulse velocity (UPV) was used to measure the travel
time (t) of anultrasonic pulse passing through the geopolymer

specimen length (L).

The electronic timing device determines the

interval between the onset and reception of the pulse electronically

i n

€S.

The

sampl e

| ength

bet ween

time o gives the average velocity (v) of wave propagation. The
results of the geopolymer specimens UPV measurements are given

in Table 6

Table 6. Results of ultrasonic pulse velocity (UPV) for 150 cycles
under (SC) and (WC).

specimens comp.str. | specimens
No avg. velocity Mpa No avg. velocity |comp.str. Mpa
after testing | after 150 cycle after testing | after 150 cycle
SCO 2.609 42.84 wCo 2792 59.8
SC1 2421 304 WwcC1 2.46 578
SC2 2.087 30 w2 247 56.7
SC8 3.481 92.15 WS8 3.385 753
SC12 3.089 878 WC12 3.387 76.3
SC15 3.108 82.6 WC15 2.595 60
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Accordingly, WC achieved théighest values followed by SC
which has a higher slag/fly ash+ glass powder ratio). All of the
steamcured geopolymer mortar mixes observed lower ultrasonic
pulse velocities than those watired, even with the same or
higher compressive strength. Theulés indicate that an increased
velocity corresponds to the same compressive strength.

In this section, the UPV values against compressive strength are
plotted in Figures 7 and 8. The relationship between pulse velocity,
V (km/sec), and compressive strdmgtfter the Freez&haw test
(MPa) fitted equations as follows:

For WC: fc=54.723\ 92.186 R=10.908 4.2)

For SC: fc=20.341V+ 6.3819 2-R0.9628 (4.3)

The equations obtained reveal acceptableelation values in both
cases of geopolymer (SC, WC) and UPV in the geopolymer
mortar. Therefore, the UPV technique can be successfully used for
the estimation of the compressive strength of the geopolymer
mortar mixes made with alkadictivated GGBFSFA, and GP.

[
ggg y=20. 3461 3¢
< 70 ___R#=0.962¢
)
& 60 —PO/
% 50
2 40
g 30
£ 20
£ 10
O 0 T T 1

2 2.5 3 35

velocity Km/s

Figure 7. Relationship between Compressive Strength and Ultrasonic
Pulse Velocity after FreeZEhaw test with 150 cycles under SC
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Figure 8. Relationship between Compressive Strength and Ultrasonic
Pulse Velocity after FreeZzEhaw test with 150 cycles under WC

Sulfate Resistance:

After demoulding, the samples were mixed according to the same
proportion ingredients stated earlier and usihg two different
curing conditions. Then, the specimens were immersed in a
solution consisting of 10% Mg®0by weight of water for 3
months. The containers were left in a room controlled at 20°C until
testing. The solutions in containers were replacedyexenth.
Before subjecting the specimens to the MgS@lution, they are
weighed. The specimens after end immersion in Mg®ution

are seen in Figures 9.

Table 7. Results of weight losses and compressive strength After 90
days Exposure to MgSQfor WC.

specimen losses wt. % compr. compressive _

s No ’ strength stre. losses in
compressive
3 month after test at 90 days %

WCO 0.40 77.9 76.30 2.05
WC1 -0.20 711 74.20 -4.36
WC2 2.50 58.5 67.06 -14.64
WC8 0.90 65.75 65.00 1.14
WC12 -0.10 73.5 66.23 9.90
WC15 1.40 51.6 72.92 -41.31
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Table 8. Results of weight losses and compressive strength 90 days
Exposure to MgSO4 for SC.

specimens| losses wt. compr. Compressive
No % strength stre. losses in
3 month after test at 90 days | compressive%
SCOo 2.72 56.3 42.71 24.14
SC1 1.16 61.45 46.20 24.82
SC2 0.79 54 42.77 20.80
sScs 1.14 83 78.15 5.84
SC12 0.38 77.5 75.87 2.11
SC15 -0.38 84.8 67.42 20.50

Figure 9. Geopolymer Mortar After 90 days of Exposure to Mg80
SC and WC.

Figure 10.Geopolymer Mortar After 90 days of Exposure to MgSO4 for
WC.
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Figure 11. Weight loss After 90 days of Exposure to Mgle©SC
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Figure 12. Compressive strength loss after 90 days of Exposure to
MgSO4 for SC.
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Figure 13. Weight loss after 90 daystofposure to MgSO4 for WC
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Figure 14. Compressive strength loss after 90 days of Exposure to
MgSQ; for WC.

According to visual observations steaured, fly ash class F,

GGBFS, and Gibased geopolymer mortar exhibits high resistance
to magnesium sulfatenmersion. Slag/fly ash specimens exposed
to MgSiQs for up to six months showed no visual signs of surface
deterioration, cracking or spalling (see Fig 9). Also, compressive
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strength values increased up to 10% those obtained after
immersion (you mean in upo 10% of the specimens after
immersion). Moreover, weight losses remained nearly equivalent
to those obtained prior to immersion, measuring less than 0.1
percent and exceeding 0.9% from initial geometry, as can be seen
in Figure 11. Also, geopolymer martbased on slag/glass powder
specimens, showed no visual signs of surface deterioration,
cracking or spalling, as Figure 9 depicts. Compressive strength
losses decreased up to 10% those obtained after immersion.
Moreover, weight loss remained nearly e@@nt prior to
immersion, measuring less than 0.2 percent and exceeding than
2.5%, as can be seen from the initial geometry in Figure 12;
whereas, in WC15 the weight was increased by 1.4% and the
compressive strength was decreased by 41%.

Figure 10 showghe compressive strength development of the
various hardened geopolymer mortar with different percentage of
glass powder content under WC conditions. From the figure, it is
observed that the glass powder (GP) has a significant influence on
compressive strggth, which increases with GP content up to 10%.
Beyond this percentage, the compressive strength begins to
decrease. The 9fay compressive strength obtained for water
cured geopolymer mortar was 61MPa, and for 15% content of
glass powder the compressistength was 54MPa. The decrease
in strength was 10.7%. Though, when compared to compressive
strength at 90 days without immersion in sulfate the values stood
at 24.8%, which is 20.8% bigger than 90 days compressive
strength. In this way, the increase lagg powder content is shown

to have a significant effect on the weight of geopolymer mortar.
The weight of the specimen decreases under WC conditions with
the increase in the quantity of GP, whereas it increases under SC
conditions with the increase ingfproportion of GP.

CONCLUSION

In this experimental study, we investigated sulfate and fréezge
resistance of geopolymer mortars using FA, GGBS, and GP. Based
on the test results, the following conclusions can be reached:
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1 Watercuring is better thantsamcuring for slag and fly
ashbased geopolymer mortar.

1 No visual signs of surface deterioration, cracking, spalling,
disintegration, or deformation could be detected after 150
of freezethaw cycles for specimens under stezumed
conditions.

1 The effectof freeze and thaw test on the weight loss of
GGBFS and Gased geopolymer mortar is larger than
that on the weight loss of GGB&8nd FAbased
geopolymer mortars.

1 The GGBS and FA based geopolymer mortar is important
forwaterc ur ed, i t O scomsphessiwessttengihr e at e
in comparison and after freedgaw test.

1 The minimum compressive strength was obtained in the
GGBFS and GRbased geopolymer mortar under water
cured settings.

1 The GGBFS and GPbased geopolymer mortar lost the
most compressivestrength in comparison to the other
specimens.

1 Fly ash class F, GGBFS, and ®Rsed geopolymer mortar
exhibits high resistance to magnesium sulfate immersion.

1 Sulfate resistance in geopolymer mortars has an effect on
the weight and compressive strengttstltze specimens
subjected to watecuring.

1 Pulse velocity techniques can be successfully used to
estimate the compressive strength of the geopolymer
mortar mixes made with alkadictivated.
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1- ABSTRACT

In this work, the effects of different post processing techniques
on surface texture improvement additive manufactured parts
made by Selective Laser Melting powder bkedthis investigation
Reni shawés SLM 125 was employed to
stainless steel 316L, at Manufacturing Technology Centre (MTC)
Coventry(UK). SLM is techniques capable to produce fully dense
functional 3D models direct from CAD data, similar with those
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made with traditional methods. On the other, hand the major
drawback is that the parts have granular poor surface finish, which
ranges from 1@o 45 um due to machine adjustment parameters.
The aim of this work is to compare surface finish improvement of
SLM parts several post processing methods have been applied
using Stainless Steel 316L. All techniques showed good
improvement of surface firtis with some drawback on surface
texture as showed in followed results.
Keywords, selective laser melting, surface roughness, pot

processing

2-  Introduction.

Additive manufacturing is an overall term that is used to
describe all the technologies tlaat used to manufacture parts by
addition of material in layer by layer to obtain the final model,
enhanced by using three dimension cad model (CAD) date, as
opposed to the traditional subtractive methods or processes that
involved the removal of materiaccording [1].

AM techniques have a challenge of producing parts with a
stepped surface finish and many researchers have identified this
problem since the existence of this technology. Metal power bed
methods such as SLS and SLM are suffering fromaawdar poor
surface finish because of powder particle size, layer thickness,
laser power etc..[2].

Figure.l.shows the effect of angle on surface finish
characterizations, Results show that increase angle lade to decries
surface finish, many researchers have proved that; surface
roughens improvement using in process techniques under the
influence and knwledge of the machine parameters.

Figure 1: Showing p6\or suffébe finish
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Some of the most important variables that can adjusted include
using fine powder, thin layers, laser energy, incorporating hatch
spacing, building period of parts, part orientatésmd scan spacing
ets. Figure (2) illustrates the basic parameters during additive
manufacture [3] [4].

Beam speed Beam offset /Laver boundary
[ ]
T "

______ S S ¥
Contour lines / /i 7 /, // P Hatch

- ¥ spacing
Hatch lines > f

Layer
thickness

Heated powder bed|

Sintered layer

Figure 2: Showing in process parameters

Over the previous years, several approaches have been put in
place in order to improve the surface finish of layer manufactured
components companies such as Best in class, Extrude hone, Taylor
Hobson Keyence Renishaw PIc etc.

Several surface modtfations methods from other companies
are being implemented to solve this problem such aseléng,
shot peening, hand polishing, laser ablation, sandblasting,
machining, chemical, thermal processes etc. wiiile cost price
of components manufacturedreaincreasing due to the post
processing techniques[2][5] [6]

2.1- Surface finish characterisation and improvement on
Layer manufactured Parts

Surface roughness measurement has been described as one of the
most significant area of study in engineering scopd kyer
manufacturing parts. Thus, a number of surface measurement
methods and equipment have been entered in this field for period
of time to be more precise. The worth mentioned in this case there
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are two way of describe surface data, which namely réspbc
two dimensions and three dimension surface measurement [7].

Nowadays, three dimensional is being more preferred because it
is illustrated more data to describe surface characterizations. The
equi pment 6s for charactemeaati on ar
versions such as in laboratories and some of them are also
portable, to be used in the field.

Therefore, there are two techniques currently have been used to
measure characterization of surface roughness such as:[8]

1 Contact (stylus profiling)

1 Non-contact (optical)

Gnarly, surfaces are normally composed of the following
features as you showing in figure below. In hence, some are flat,
some may be afflicted with waviness, some may vary from fine to
coarse, some may be perfectly smooth etc.[9].[1

Figure (3) shows surface texture connected with additive
manufacture technique. Generally there are two methods that are
currently being used to improve the surface finish of layer
manufactured parts, which respectively namely in process
techniques angost processing methods.

*‘ ’% Roughness Width [z in.)

i
Roughness Height { ;:in.) / Waviness Height

Lay
{Direction of Finish Patternj}

Figure 3: surface characteristics [11]

Most of the parts manufactured by SLM improved by using a
variety of surface modifications methods available on the market
today, several mechanical post processing have been completed, in
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order to improve surface finish of SLM Stainless Steel 316L parts
and its influencebbs on surface

3. . Experimental work Plan
The work was carried out according to the scheme shown in the
following below(Figure.4)

1- Design of the benchmark

v

2- Printing of the part

v

3- Surface characterisation

Figure 4: Experimental methodology flowchart

3.1- The Benchmark design and manufacture procedure

The samples were made on the Renishaw SLM125. The
experiment was carried out by setting up the machine and
implementing the optimal parameters as in the following table(
table.1).

Table 1: Selected process parameters

Laser layer Exposure Point Distance
power thickness
200W 50um 50us 75mm

Stainless steel powder was used to build the samples, with
different geometry surfaces and fadentical samples were built
using SS 316to complete this investigation.

The benchmark below was designed icharacterize surface

roughness in different surfacesch as top surface, interior
surfaces, round; sloping plane etbenwill be used for post
processing methodss shown irfigure .5, and figure.6.

MC A Copyright ©ISTJ wAmMYcse WAL
WT X Y@y TONREDI®M H J

t ext



International Science and 26 b C n Ay p gladl Ayl A

il M sl Torkdar el

Technology Journal VO | ume 26 >‘<
y STJA7

wy 3 YhoHGIMA O

1 -5 holes Side surfaces Pointed featured

Thin sections

- |

15 — 45%lanes

Round Surface
Internal surfaces

=

Figure 5: Benchmark model with different views

S4

Figure 6: Separated samples from the substrate
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All the benchmarks were made and removed carefully from the
substrate using the band saw machine.

3.2- SurfaceRoughnessand Characterization
After separating the models from the substrate, the surface finish
was analysed using contact profilometer , as shown in figure (7).

Figure 7: Surface measuriingcontact method

4.- Results and Discussion

This section shows analysis of the manufactubethchmark
using 3D digital microscope form Talysurf instrument and
accuracy using a Vernier calip€éfigure 8below)
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Figure 8: 2D micrographs showing balling on thin sections, on cones,
holes etc.
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Figure 8 shows geometrical features of the benchm@yk (

internal surfaces are filled with balling and discolourati®),i§¢ a
3D view of the hole showing agglomeration and ballirn@) (
cone with porosity around the surfaceD) (thin walls with
balling,(E) 7 top surface holes with bad edges on different
diameters andH) angle planes with stair effect.

After building the benchmark, analyses and measured of
defects on every feature wear been completed as showed in the
below table.

Table 2: Results on manufactured sample.
Geometry Accuracy | Ra Rv Rqg Rp Defects
Balling,
15 98% 25.6 | 83.9 | 32.7 | 104.3 | porosity
plane
Balling,
30 100% 21.4 | 55.3 66.6 | 66.6 | Porosity
plane
45° b Balling,
plane A 100% 219 | 581 26.4 | 93.9 | sharp
A edges
Top Balling,
surface Q00 - 100% 265 | 77.4 |33 | 101 | Over
melting
o o) )
©
. Balling,
Round ' 100% 18.3 | 63.2 24.1 | 76.5 | Porosity
Surface
Side 99% 17 52.9 21.2 | 63.8 | Porosity
Walls
Internal Powder
Surface 98% sticking
MC n Copyright ©ISTJ wAmMYcse WAL
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Balling
Thin
sections
Sharp
Small edges
features
Powder
Holes sticking
Pointed Balling
corners
Cones ‘ ‘ Balling

As can be seen the blue area indicates that no sL
characterisation was donwhen using contactinstrument
because it wato big to fit into internal surfaces.

5. Selection of the Post Processing Methods

There are several post processing techniques available on the
market today and been one of the important steps requirdoMn S
parts. The following methods in Figure 9 were selected to improve
the surface texture of benchmarks because of the geometry and
feature complicated of parts.

The criteria of methods are to improve the surface texture within
a low cost and short time.
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Selection of post processing methods

v v v v

Grit blasting Vapour blasting_  Shot blasting Electro polishing

Analysis of Results and comparison of processe

Figure 9: Experimental methodology overview flowchart 2

5.1. Grit Blasting Process
This method used an abrasive high pressure in order to smooth
the surface. The method has some drawbacks due its can destroy
small features such as sharp corners and small surface. The part
below was processed Blast master machineand the process
took about ten minutes.
Figurel0 shows a comparison of the benchmarks before and after

the process. It shows that the surface has improved but there are

some destruction on thin section and plane.

A B

Figure 10: A before and Bfter grit blasting.
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5.2. Vapour Blasting Process
The technique uses water and glass bead media to polish the
surface.Gyson blast cleaner machine was used to polish the part
and the process only took approximately ten minutes.
Figure 11 shows a comparison of the two benchmarks before
and after the process aml showsthat the benchmark is well
polished but there is deformation on plate cones

Figure 11: A before and B after vapour blasting

5.3. Shot BlastingProcess
The benchmark was post processed at Newtech Powder

Coaters using pressure pot shot blasting machine. The model was
ATO 101015 (G, E) and the process took approximately ten
minutes. Steel shots were used as media for blasting.

Figure 12 shows a comparison of the benchmark before and after
the process anB shows some deformation on thin section due to
high pressure exerted during the process

Figure 12: A before and B after shot blasting

MC T Copyright ©ISTJ wAmMYcB WA IO
WT X Y@y FOIMREDIDM 5 J



International Science and 26 p Ch Tyaly gyt 300 g

Imtmrnastional Mebrmes mad Torlmeing demraal

Technology Journal 4 VOIUme 26 S TJ}&

wy 3 YhoHGIMA O

5.4 ElectroPolishing.

The benchmark was post processed using ionic liquid for ten
minutes, then rinsed in water and finally in HCL to remove surface
oxide.

After that it was dipped in ionic liquid for electro polishing for
twenty minutes.

Figure 13 shows a compaois of the two benchmarks before and
after electro polishing. B shows that the benchmark is well
polished and a shiny texture. There is no deformation.

Figure 13: Before electro polishing.

6. Surface Characterization, Results and Discussions

This section displays surface roughness results measured on the
processed benchmarks from four different method$ables,
graphs and micrographs below shows the results of amplitude
parameters measured using the Form Talysurf PGI instruments.
All these amplitude parameters are based on overall height.

6.1. Shot Blasting Process.

Table3 shows several surface parameters measured on vertical
characteristics of the surface deviations at 5*2.5mnroffat The

table shows parameters Ry, R, R; on the shot blsted

benchmark measured. It shows the maximum depth and maximum
height below and above the mean line within the same sampling
span
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Amplitude Parameters measured on shot blasted benchmark
Table 3: Amplitude of parameters measured after shot blastin

Top Round Side 15° 30 45° Cone/surfa
surface surface Walls plane plane plane ce

11.228 9.845 6.260 12.36 11.61 8.228 7.362
5 4

31.360 31.727 22114  34.42 37.63 25.103 26.163
0 2

37.864 28.713 22470 3414 4203 23.904 25.343
9 4

93.865 98.435 66.162  90.62 162.7  68.103 51.506
1 19

69.225 60.441 44584  68.56 79.66  49.008 51.506
9 6

24.14 21.86 26.89 26.68  27.27 25.10 23.08

14.432 13.209 8.161 15.19 17.02 10.482 9.137
1 1

6.2 Vapour Blasting Process

Table 4 shows several amplitugg@arameters measured on the
benchmark on different surfaces from vapour blasting process.
Side walls shows an average roughness of 3.9um comparefl to 30
with 109u

Amplitude Parameters measured on vapour blasted benchmar
Table 4: Amplitude of parameters meaured after shot blasting_j

Top Round Side 15° 30 45° Cone

surface surface Walls plane plane plane /surfa
ce

9.815 5.246 3.907 12.17 10.94 6.888 4.388

1 5

28.670 13.919 11.04 29.36 29.29 15.77 11.02
5 9 0

23.707 12.662 11.27 32.82 29.53 19.756  14.408
4 3 6

72.628 41.785 33.77 81.66 109.9 60.444  25.429
4 4 87

52.178 26.582 22.32 62.19 58.82 35.348  25.429
0 2 7

7.72 5.56 7.36 12.73 9.63 7.73 13.01

12.662 6.536 4.899 14.73 15.04 8.937 5.422
2 5
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6.3. Grit Blasting Process

Table 5 shows all theurface parameters measured on all the
surfaces of the benchmark as indicated on the table above after

grid blasting process.

Amplitude Parameters measured on grit blasting benchmark
Table 5: Amplitude of parameters measured after grit blasting
Top Round Side 15° plane 30 plane 45°
surface surface Walls plane
g‘ 8.829 7.810 5.508 7.559 7.169 7.565
‘ 26.496 23.421 16.814 24.035 22.329 24.832
‘ 25.091 27.390 17.993 9.361 28.826 27.483
59240 86.461 | 50.150 55.513 69.522 83.467
51.587 50.812 34.807 47.964 51.156 52.315
24.36 20.57 18.43 24.25 24.57 23.39
10.851 10.237 6.999 9.361 9.210 9.992

6.4 Electro Polishing Process
Table 6 shows a collection of surface results on the benchmark

after post processing and the minimum Ri@isd on the side
wall surface 5.9 um as compared to the top surface with 16.5um.
This shows that electro polishing does not subtract a lot of
materials compared to other methods used

Amplitude Parameters measured on electro polishing benchmark

Table 6: Amplitude of parameters measured after electro polishing.

Top Round Side {152 3 45° Cone/surfa
surface surface Walls plane plane plane ce
-H 16.588 9.965 5.907 17.91 9.231 8.406 5.909
5

.H 46.958 | 31.413] 11.04| 4572 24.659 26.91 26.931
5 3 2

72.184| 40400 11.27 71.35 31.870 22.27 14.258
4 6 7

160.29 | 176.16] 33.77 155.4 97.712 85.62 41.190
3 3 4 3 4
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119.14 | 71813 2232 117.0 56.529 49.18 41.190
2 0 7 9
19.78 15.93 7.36 24.49 11.58 9.29 8.14
.‘ 22535 14.326] 4.899 2417 11.865 10.74 7.706
5 8

6.5 Comparison of Surface Topology
As can be seen on the micrographs below, Figure. shuats
all the blasting methods subtract a substantial amount of material
as compared to electro polishing technique. From the results found
electro polishing is not suitable for polishing SLM metal powder
parts.

Grid Blasting

Electro Polishing

Figure 14: Surface morphology of the top surface area.
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From all the post processing methods carried out, they are all
very effective in surface finishing of SLM padsd the Table 7
below summarizes some of the data collected.

Table 7: Comparison table of post processing methods

.Comparison table of the post processing methods used

Processes Ra Accuracy Defects Time 1
(minutes)
Shot blasting Good Poor Yes 5-10
Grit/bead Good Poor Yes 5-10
blasting
Vapour Better Good Yes 10-15
polishing
Electro Good Good No 10-20
polishing

Figure 15 shows a radar or spider chart used to compare the post
processing methods used since they are different. Percentages are
shownin Table 8

Table 8: Table of comparison post processing in percentages

Process Ra% Accuracy Defects % Time Rt % Rz
% % %

Shot 70 80 80 80 40 65
blasting

Grid 75 70 60 80 80 90
blasting

Vapour 80 90 95 70 60 80
blasting

Electro 65 95 95 60 30 50
polishing
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Radar Chart
Ra
100
0
Rz Accuracy
0
0
——Shot bisting " Defects
= Grid blasting
Vapour blasting Time
—Electro polishing

Figure 15: Radar chart

7. Conclusion

The aim of this work was researching on how to improve the
surface finish of SLM metal powder parts.

Four benchmark models were built on SLM 125 machine using
layer by layer method and they were all pgstocessed
successfully. It is concluded that average roughness (Ra) has been
improved by the different mention methods. Ra has been reduced
on side walls from 17 3.9um by vapour blasting process and
followed by grit blasting with 5.5um. All the resulteve carefully
analysed and presented in the form of figures, tables and graphs.
Some of the methods also need to consider the geometry of the
part e.g. complex shapes are very difficult to machine but
processes like sand blasting and electro polishingraferred. On
the other hands, Electro polishing method is not very effective in
internal surfaces because from the results obtained internal
surfaces were still very rough and other techniques have their own
advantages and limitations as well.
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Although, Post processing is a very important technique to
(SLM) parts because it will improve the functionality of the
components span. Some of the methods are too harsh because they
destroy thin sections and small features.
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Abstract

The main purpose of this study was to investigate whether or not a
water treatment by magnetic field could change the physical
properties of water as reported in some scientific literature, the
properties which were studied such as density, &acttr
conductivity, total dissolved solids, pH value, and NaCl
concentration. The water sample which tested in this study was
well water, the magnetically treatment of well water samples was
by two types of magnets; first type was electromagnet of low fixed
intensity (900 G=90mT), where the water samples were exposed to
this magnetic field at various times &), 15, 20, 25, 30) min. The
second type was permanent magnet, the exposing time to
permanent magnetic field was 7 days.

It was found that thesexamined physical properties of well water
samples were changed following the magnetic treatment, the
changes depend on the magnetization conditions, and the magnetic
field causes changing in the electrical conductivity due to the
ability to dissolve andidsociate salts; influence on solubility of
salts was remarkable. As well as a positive effect on the pH value,
the water samples become less acidic.

The results of this study suggested that the magnetic treatment
improve quality of water, therefore, thmagnetization process
submits improvements on water applications in several areas such
as industry, agriculture and medicine.

Keywords: Permanent magnetic field; Electromagnetic field;
Electrical conductivity; Total dissolved salts; pH.
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Abbreviations: MF: Magnetic field, PMF: Permanent magnetic
field, EMF: Electromagnetic field, EC: Electrical conductivity,
TDS: Total dissolved salts, T: Tesla, G: Gauss.
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1. Introduction
Water is classified as a diamagnetic substance. A water molecule

is composed of an oxygen atom and two hydrogen atertisthe
chemical formula KO, they are bonded by covalent bond, via a
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shared pair of electrons, as an isosceles triangle with its upper
angleof 104.45°figurel shows a molecule of normal water, this is
because the oxygen atom, carries two pairs of unshared electrons
[1], where theoxygen is slightly negative, whereas the hydrogen is
slightly positive.This structure of water molecule will have similar
qualities of a magnetic dipole. Due to that, water molecules will
attract each other in the opposite end, by a hydrogen bond, this
bond allows the water molecules to form a group of water
molecules (clusters)as seen in figure2The hydrogen bonds
between water molecules give water four features; it is denser in
liquid state than solid state, it has cohesion and a high boiling
point, it has a good solubility [2].

-~ Hydrogen bonds (,

Figure1l. Normal Water molecule

8

Q, Q o
V ;\?‘ b ?" 4
P ‘k 3

) »Q;,a &,;*’ Q
q? L :,? .’}\‘o’o ?5 »
= o

Figure2. Structural groupf water molecules
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When water is exposed tdF, magnetization can affect the two
forces that control the water structure, chemical hydrogen bond
and Van der Waal 6s forces, wher e
hydrogen bonds between water clusters, and the water molecules
will arrange in onalirection as illstrated in figurd, this mode of
arrangement causes reducing the bond angle from 104.45° to 103°,
leading to decrease in the consolidation degree between water
molecules, also decrease in clusters sizes by converted into single
molecules or smaller oneshat is why the magnetic water
viscosity is less than ordinary water viscosity. These changes in
water molecules composite caudeanges in some physical and
chemical properties {B].

Figure3. Water molecule under effect g~

Magnetic water does natean that it has a magnetic force that can
attract things. tls water different from ordinary water in its
properties. It is water which is passed throughm at specific
speed, or by placing the magnet inside or near the water, for period
of time. The nagnetization degree of water depends on the
following parameters [13, 6, 7,8, 9]:

1. Magnetic field intensity.

2. Duration of exposing water MF.

3. The amount of exposing water to the field.

4. Velocity of water flow.

Although the effect oMF on the water is a controversial issue
however, magnetic water has several applications in different
aspects. For example, it can purify wastewater, promote plant
growth, inhibit the scaling of metallic surfaces and improve the

MT & Copyright ©ISTJ wAmMYcse WAL
WT X YQy FORMAEDI®M A J



































































































































































































































































































































































































































































































































































































