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MOJIEJIM TYPBYJIEHTHOI O IIEPEHOCA U
MACCOOT/IAYU JUCITEPCHOU ®A3bI B
KUJIKOCT X
Models of Turbulent Transport and Transfer of
Disperse Phase Mass in Liquids

JlanteB A. T'.* & ®apaxos T. M. °

Laptev A. G. “ &Farakhov T. M. °

Abstract- Ha ocHOBe NpHMeHEHHsI TeOPUU TYPOYJIeHTHOI
MUIpallMi YacTUIl U Moz[e.neﬁ NMOrpaHUYHOro CJ0sl NMOJTYy4Y€eHbI
BbIPpaKeHUud 1JIdl pacuera KO3(1)(1)H1[HCHTOB nepeHoca 4acTul u
MaccooTaaum B CILIOIIHOM (1)236. PaCCMOTpeHbl pa3jinvuHbIe
ciayyan TYpOYJIEHTHOIO NPSIMOTOKA YacTHL B Hecyulei
Typﬁyﬂe]-lT]-lOﬁ cpeae: rJaJKOM M LIEPOXOBATOM KaHaJie;
KaHaJle ¢ MeJIKOii HeyﬂOpﬂ)ﬁ[O‘lel—ll—lOﬁ Hacamcoﬁ U anmapartax ¢
MEXaHUYEeCKHUM IIepeMelIMBaHueM. HpPlBEJIEHbl pe3yjabTarbl
pacueToB KO3([)(l)PlllPle]-lTOB MacCooTJa4u OT KalmeJlb U TBePAbIX
YacTUll U MOKa3aHO corjiacoBaHve € 3KCNepUuMEHTaJIbHbLIMH
AAHHBIMHU Pa3/IMYHBbIX aBTOPOB.

Abstract- Using the theory of turbulent migration of particles
and boundary layer models, expressions for calculation of
particle transport coefficients and of mass transfer within the
continuous phase are obtained. Various cases of turbulent
direct flow of particles through the carrier turbulent medium
are considered: smooth and rough channel; channel filled with
fine random packing and apparatuses with mechanical mixing.
Examples of calculation of mass fransfer from droplets and
solid particles are included and their agreement with
experimental data of other authors is demonstrated.
Kniouesvie cnosa: Typbynenmuocms, Npamomox, nepeHoc
umnyiscda, Maccoom()aqa, nepemewusarnue, JIKCmMpaxKyusl,
pascmeopenue.

Keywords. turbulence, direct flow, momentum transfer,
mass transfer, mixing, extraction, dissolution.

I. Bgenenune

ns Oomee 3G (GEKTHBHOrO TPOBEACHUS IMpoliecca
MaccooOMeHa, HapUMep, TPH PaCTBOPEHHUU YaCTHII
WIN DKCTPATrMPOBAHUM KaKHUX JIMOO KOMITOHEHTOB,
mucrnepcHyro  ¢da3dy — moAalT B HECYIIHi
TYpOYJICHTHBIN MOTOK. DTO MOXET OBITH MYyCTYTENBIH KaHa

Author:  @I'BOY BIIO «Kasanckuii Tocyoapcmeennbiil
Onepeemuveckuii  Yuueepcumemy,  Kazano  Poccus.
e-mail: tvt_kgeu@mail.ru

Author:  Huorcenepro-eneopenueckuti yenmp «Huoicexumy,
Kasanw, Poccus. e-mail: info@ingehim.ru

Author a. FGBOU VPO "Kazan State Power Engineering University”,
Kazan, Russia. e-mail: vt_kgeu@mail.ru

Authore. Engineering Promotional Center “Inzhekhim’, Kazan, Russia.
e-mail: info@ingehim.ru

WM KaHal 3aroJIHEHHBIH XAaOTHYHOM Hacaakod Win
ammapaT € MEXaHM4YeCKOM Melankoil. AHaJOrM4HO
paboraroT u poTouHble cMecuTenu. OnpesesieHne anmnapat
C MEXaHUYCCKOW MEIIaIKod. AHAJOrMYHO paboTalT U
nporoynele cMecuten. Ormpexnenenne 3dhexTUBHOCTH
TAaKUX IIPOIECCOB BO3MOXXHO TOJNBKO TPH H3BECTHBIX
XapaKTepUCTUKaX IepeHoca AUCIepcHOi (a3bl B o0beme
CIUTOLIHOM.

IIpu TeopermueckoM aHanmm3e Bcex  (GoOpM
JIBIDKEHUSI 4acTUl] B TYpOYJEHTHOM IIOTOKE OOBIYHO
MIPUHUMAIOTCA CIIEAYIOIME peanoaoxkeHus| 14].

A.Jlnamerp wactuiy O, Mam 1O CpaBHEHHIO C
MacimTadOM HECYIIMX MWX IYJIbCAMOHHBIX BHXpeH C
macmradom £: d, << £.

Ilpn TakoM TpeanoNOKEHHH KaxKaas dacTula
COBEpIAeT ABMXEHHE, OCTaBasCh B IIpeJieslaXx HECYIIEro
BUXPSL.

OTMEUYEHHOMY YCIJIOBUIO yJOBJIETBODSIIOT YaCTHULIBI
nr000# TUCTIEPCHOCTH T.€. BhIcOKoaucmepcHsie (<1 MKM);
toukoaucriepcHpie (1< d, <20 MKM) U rpyOOAUCIIEPCHBIE
(20< d, <200 MKMm).

b. Yactumpr umeror ¢dopmy  Onm3koi K
cepryecKoii, a B Cllydae CHIBHOI'O OTKJIOHEHHUS! OT cephl
BBouTcs  Koapdumment  ¢opmel.  [lonmmuaucnepcHocTh
YaCTHIl paccMaTpUBAETCs OPPAKIMOHHO.

B. Kpome amoeo uacmuywi

a) He CTECHSIOT JBIDKCHHE IPYr IPYra B X QI B3aUMHBIX
HepeMeIeHUH;

0) He coymapsIoTCs, He KOAryJIUpPYIOT JPYT C IPYTOM;

B) HE OKa3bIBAIOT OLIYTUMOI'O BIIMSHUS Ha TypOYJICHTHBIC
XapaKTEPUCTUKU CPEIbIL.

IIpenenom KOHIICHTpAIHH YaCTHIL pu
BBITIOJTHCHUA JTAHHBIX YCJIOBUH, COTJIACHO
9KCICPUMCHTANIBHBIM JaHHbIM Poccerknm u  Ildedepa,
MoxHO cuntats  C < 200 r/m’,

r)  OJeKTpocTaTMYecKHe W Jpyrue
THAPOJUHAMUYECKON TIPUPOJIBI OTCYTCTBYIOT.

CHJIBI HC

© 2014 Global Journals Inc. (US)
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1. Kospduuuent Ilepenoca Mmmynsca

Jlis  ompeneneHuss  CKOPOCTH — TYpOYJIEHTHOU
MUTpaLyu 4acTUIL (koo punmenra repeHoca)
MIepBOHAYAIFHO PACCMOTPHUM IIPOIECC MEpPeHoca MMITYJIbCa
B ofHO(a3HOM TypOyJIeHTHOH cpee.

Jis mpoeknuu TMOTOKa MMMYNbca (KacaTeIbHOro
HaNpsDKeHWsl TpeHWs) Ha Ochb 0y B JIO0OM TOYKe
TIOrPaHNYHOTO CJI0S CHIPaBEUINBO CIIEIYIONIEe BhIpaXKeHHeE:

= .
de 0 dy”

rae v, Vv (Y) - xodpdUIHEHTH KHHEMaTHYECKOH
MOJIEKyISpHOH ¥ TypOyJeHTHOH BsskoctH, m7/c; Y —
nornepevHast L — IIOTHOCTb

KOOpJUHATA,M; cpelbl,

axp 3. <
e/l °; U —cxopocrs, i/l
Ha 1moBepXHOCTH CTEHOK, T.e. npHu y = 0, 3TOT Xke

IOTOK MOXHO 3ammcats B Buxe [12]: 7y = pyAU, rae

Y — xoodduimenr mepesoca ummynsca, m/c; AU —

JBIDKYIIAs CHITa IepeHoca, M/C.

BBeneM OTHOCHTCIBHBII IOTOK HMMIyIECA =
©(Y)/te;. Torma mpoBems COOTBETCTBYIOIIYIO 3aMEHY B
ypaBuenun (1), pasmenss mepeMeHHbIE, W 3aIHCHIBas

I/IHTGI"paJ'I II0 TOJIIHUHE HOl"paHI/I‘IHOFO CJ104, HOJ'Iy‘II/IM
[7,12]:
“du 9 dy
pl—= : )
0%co  oVtVe(y)

rae - TOJIIIUHA OIPUCTCHHOT'O CJIOA, M.

W3 nmaHHBIX BEIpakeHWH 3amumieM K03 UIMEHT
AMITYJTBCOOT/IAYH

-1
6 *
T dy
r=ll0———= - @)
(I)V+Vo(y)

Bepakenue (3) siBisieTcss JOCTaTOYHO OOIIUM M
MIO3BOJISIET PACCYUTATh KOI(POHUIMEHT MMIYILCOOTAAYN Ha
OoCHOBE KOX((PHIIEHTOB MOJIEKYISIPHONV M TypOyJIEHTHON
BSA3KOCTU V ,(Y), @ TaKKe OTHOCHTEIHHOI'O KacaTEIbHOI0
HATIPSOKEHHS T (OTHOCHTEIBHOrO IOTOKA HMIIYIbCa) B
MIPUCTEHHOM CIIOE.

B siBHOM BHze k03()(UIMEHT MepeHoca NMITyIbca
MOXXHO ITOJIyYHTh ITyTEM MHTEIPUPOBAHMS BhIpakeHHs (3) ¢
pa3nuYHBIMH QYHKIMSAMH KO3(Q(QHUIHMEHTOB TYpOYIECHTHOTO
obMmeHa v.(Y), HCTIONB3Ys MTONYIMIUPUYCCKHAE MOCITH.

B monenn Jlanpay u JleBuua, HOATBEPKACHHOM
Haiiciepom m XaHpaTTH NpEIIoiiaraeTcsi, YTo M3MEHEHHE
TypOyJIEHTHOH BSI3KOCTH B BSI3KOM TIOZICIIOE
nporopumonansio D, ~ y. Ha ocHoBammM 3TOro
UCTIONB3YIOTCA QyHKIMUV -(Y) B hopme

2014 Global Journals Inc. (US)

| <

LI 0.01)(4(y+ )4, y' <5,

<

(4)

|
Il
o

2y" —0.959,5< y* <30,

Vr

v

=0.4y" -1 npu y'" > 30,
rae Y = U Y/v - GespasmepHas koopauHata; x=0.4

— koHcTanTa; U, — nMHamMuveckas CKOpOCTb, M/C.

Ilocne uumcmennoro wuHTerpupoBanus (3) ¢
¢byaxuusmu (4) momyaero [10]
u *
Y= : ()
5.309 + 2.5In(Rs)
rie R; =U.0/V - Gespasmepnas Tommmna

MOTPaHUYHOT'O CIIOS.
C  (QyHkuusiMu  TypOYJIEHTHOTO
JBycioitHoi Moxenu Ilpanaris

obMena wu3

Yo _o, y* <116, ©)
\Y
Yo _ oyt 116<y* <R, 0
\)
oCcJIe MHTETPUPOBaHUA (3) TOIydeHO BhIpakeHUE
u*
Y= , ®)

R]_ +£In(R5 / Rl)
X

rae Ry = U. dy/v — Ge3pazMepHast TOJIIMHA BA3KOIO
moacnosi, B moxenmu llpamarns Ry = 11.6; y = 04 -
KOHCTaHTa TYpOYJIEHTHOCTH.

Bemonmaum npoBepky Beipaxenuit (5) u (8). s
3TOr0 Ha OCHOBE THIPOJMHAMHYECKON aHAIOIMH 3aIUILEeM
CBs3b MeXIy KoddduiieHTaMu mepeHoca UMIyJIbca U
tertooTnayu[7,10]

n
a=1vypc, / Pr
Ype, / Pr, o
rae o Yunrony-Kons6opuy N = 0,66. OqHaxo, Kak
W3BECTHO, IS IUIACTHHBI M TPYOBI BKCIEPUMEHTAJIBHO
ycranosneno N = 0,6-0,57.

W3 Bepaxenuit (5), (8) m (9) mna mnacTuHBI
3aruieM YHCIIO Hyccenbra, YIHUTHIBAS, 4TO

u.=U_./C, /2 , C=0074 Re,*’
tpenust; Re,, = U,L/v — yncno PeiiHonbaca s riacTuHb
U, — cpemusis ckopocts npu Y > 6,1 /i, L— nnuna
mactusbl, M. [Tonyunm

k03 dHULUeHT



Res [N /2pr043
Nuj = — , (10)
5.309+2.5In Ry

Rej [Ng /2Pr043

Rl +£|n(R5 / Rl)
X

Nujs = (12)

3nauenne Rg — Haiinem ncnons3ys GpyHKumio s

norapumudeckoro npoduast  ckopoctu mpu Y = O [12]

R, =exp[¢(U, /u. -55)]

Pacuers! Belpakennsim  (10) wu (11)
YIOBJICTBOPUTEIHHO COTIaCyIOTCS c HM3BECTHBIMU
ONBITHEIMA JAaHHBIM JUISI TUIACTHHBI (+2-6 %). Taxum
obpazom, MIpOBEpEeHA aJICKBaTHOCTh ypaBHCHHI
MaTEeMaTHICCKOW MOJIENIN TIEPSHOCA MMITYJIhCa U TeIlIa IS
IUTOCKOTO TYPOYASHTHOTO ITOTPAaHUYHOTO CITOS.

T.x. Bolpaxkernust (5), (8) pmaroT oaMHAKOBBIE
PE3YABTATHI, B MANBHEHITNX pacueTax IEepPeHOCa MMITYIhCa
ymoOHee HWCIONb30BaTh BEIpAKEHUE (8), T.K. OHO COJCPIKUT
0e3pasMepHYI0 TONIIMHY BS3KOTO TIOACTOSA, KOTOPYIO
MOXXHO KOPPEKTHUPOBATh NpPH HAJHMYUM BO3MYIICHWHA B
MTOTPAHUYHOM CIIO€.

Jlanee paccMOTpUM KaHal C XaOTUYHOM MeENKOH
Hacaakoi (dyeMeHTaMu). XapaKTepPUCTHKH TOTPAHHIHOTO
CJI0s Ha CTEHKE KaHaja C HACaJKOW OTJIWYArOTCS OT
XapaKTEePUCTUK  IDIOCKOTO  IMOTPAHUYHOTO  Cclos  Oe3
BO3MYIIICHUH Ha IDIACTUHE W IMOATOMY 3HadeHue Ry # 11.6.
Jl71st Takux cirygaeB IMOITydeHO BhIpakeHue|[7].

-

- KO3(GOHUIMEHT TpEeHHs NpH IABWXCHUH

1o

R =11. 6 (12)

rae Cryy
IOTOKa CO CKOPOCTBIO U oo Bromb I0CKOH IUIaCTHHDL
U, — IMHAMMYecKas CKOpOCTh B KaHaie ¢ Hacankoii, 1 /f
[13].

Jlns xaHamoB u3BectHa cBs3b Cyy, = M4, tmed -
ko3pummeHT TpeHHs B THAAKHX ITyCTOTEIBIX TPyOax;

2=0.316/Re,’?; Re,=U,,d,/v (uIs 3KBHBAaJEHTHOrO KaHala
d=d,); dy — DOKBUBAJCHTHBIA [JHAMETP HACAIKH, M;
d, =4de,/a,; &
i s /id

W3 Beipaxenus (12) cnemyet

VOETbHBIA  CBOOOIHBIN  00BEM,

. i2/i
; av — yIeJbHas [IOBEPXHOCTh HACaKH, | |

~ U, ja
R =116—"1
u

*

e Uy UT o gy - JAUHAMUYECKAs CKOPOCTh H
KacaTelbHOE HANPSDKEHWE Ha IUTACTUHE (B IYCTOTEINOM
TpyOe) Tipu ckopocTh cpeabl U,

Ry
HpOI/I?)BOﬂI/ITCH HyTeM OTHOLICHUA IIOTOKOB I/IMHyJ'H)CEl B
INIOCKOM H B BO3MyHIeHHOM HOr‘paHI/I‘IHOM CJI0C HpI/I
OﬂHHaKOBOﬁ cpeleeI?'I CKOpOCTI/I JBHWXXCHUSA Cpeﬂbl.

Takum o0pa3zom, KOPPEKTHUPOBKa

Cpennioro TOJIIHHY THIAPOIAHAMUIECKOTO
MOTPAHUYHOTO CJIOS Ha DJIEMEHTAaX HACAIKK TIPH YCIOBHA
CTaOMITM3MPOBAHHOTO TEUCHUS HalmeM Kal® = & la,.
Orcroga 6=0.25d, u 3nauenne R

0.25dyu*
Rs =———. (14)
\"
INpuBeneHHBIE BBIILIE BBIPaXKEHUS IS

KO3((HUIMEHTOB MepeHoca HMILYJIbCa CIIPABEIIMBBI IS
TypOyJIEHTHBIX OIHO(A3HBIX CPEJ WIIN T'eTEPOreHHBIX Cpef,
KOorja IUIOTHOCTH (a3  MpaKkTHYECKH  OJMHAKOBBIC
(HanpuMep, ABE CMEIINBAEMBIE JKUIIKOCTH).

Il. Koopdumment Ilepenoca Yactun

I'mapopnHaMuveckue XapaKTepUCTHKN 3BELIEHHBIX
YacTHLl B TypOYJIEHTHOH cpele OMINYaloTCs Topasio
OoNbIIE  CIIOXKHOCTBIO M WHTEHCHBHOCTHIO, YEM B
JaMuHAapHOH.  PacueTsl  IOKa3bIBAIOT, 4YTO  TOJBKO
JIOCTaTOYHO KPYIHBIE YacTUIBI B JKHIKOCTAX (Oomee 3-5
MM, B 3aBUCHUMOCTH OT THAPOAMHAMUYECKUX YCIOBUMI
cpenbl M IUIOTHOCTEH B3amMmopeilcTByrommx (a3) He
Y4YacTBYIOT B TYpOYJIEHTHBIX MyNbcanusx cpeabl. s Gomee
MEJIKUX YacTHIl MPHU MOJETHPOBAHUN THIAPOJUHAMHYECKUX

MIPOILIECCOB B MHOrO(a3HBIX CHUCTEMax TypOyJIEeHTHOE
yAbCAallUOHHOE JBIDKEHUE YacTUI] HEo0X0MMO
YUUTHIBATb.

B coorBerctBMM ¢ Teopueil  TypOyieHTHOH

MUTPALIHA MOKHO KITaCCU()UIIMPOBATH YaCTULIBI 110 TPYyTIIaM
Ha OCHOBaHUM HHJEKCA HHEPIMOHHOCTU WgTy, TAE M -
yrioBast ~ Yacrora  TYpOYJNEHTHBIX  HHM3KOYACTOTHBIX
nynbCaliii  SHEPrOGMKHX —BHXpeil, ¢, T, - BpeMs
penakcanuy, c. Ilo SKCHepHMEHTANBHBIM JAHHBIM IIpH
3HayeHnd ® gT, < 0.01, creneHp yBjeuyeHMs 4YacTHI]
Typ6yneHTHBIMI/I HyﬂbcaHI/IHMI/I cpeast  pocturaer 100%
(1'p=1), 1% = (L-0e7,) "[14].

IMosTomMy mnst crTenmeHW yBIEYEHHS Uil YACTHIL
MIPAKTHYECKH TMOJHOCTBHIO YBJIEKAEMBIX TYpPOYJIEHTHBIMH
ITyJBCAUSIMH CPEIbl MOXKHO 3aITUCATh YCIOBHE:

2
Tp = W <0.01.
Vg

Otcrono monydeHo [1] BBIpaKeHHWE JUIS OLCHKHU
IUaMeTpa YacTHII C Y4eToM, 4YTo Mo TayHCeHAY ®g ~
u/(0.1R) 1 T, = 1ApId,/(18LL,), 1ApI # O:

(15)

0134 [ e i)

d. <03
ol pl [Aplu

%

rae ® g= 2uf
yJIbCaluH, c'l,
cpelnpl, ¢

YIJIOBast YACTOTA YHEPrOEMKUX
f — wacrora TypOYJNEHTHBIX MyJIbCALUI
LR R=d,/2, m);
; R - pagnyc xanama, M (s Hacanku R=d,/2, m);
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IApl = Ipx-p«l - pa3HOCTEH IIOTHOCTEH;p , - IMJIOTHOCTH

yacTuipl, Kr/mM’; O, - [OUHaMeTp 4YacTHIbL, M; [ -
JIMHAMHYECKas BI3KOCTh, [1a-c.

[pu 0OIBIINX 3HAYCHHUIX HHJIEKCA
UHEPUHOHHOCTH ® 5T, > 100 creneHs yBiedeHus

IpUOIKaeTCs K HYIIO (pzp ~ 0). I1o ananoruu ¢ (15) u (16)
MOyYaeM BBIpaXEHHs JUIS YacTHIl, HE YBJIEKAEMBIX
TypOyJICHTHBIMHU IYJIbCALIUSIMA

2
Tp= % > 100, (17)
OTcroma umeem
d.>30 |-H2 _ _134 | Ple
7r|Ap| f |Ap|u*

W3 ypasuennii (16) n (18) cnenyer, yto vacruia,
B3BeNICHHAs1 B TYpOYJIEHTHOM IIOTOKE, TEM TOYHEE CIIEyeT
3a IMyNbCAlMsIMM CPEe/Ibl, YeM MEHBIIIE ee Paiyc U pa3HOCTh
IoTHocTel (a3, yeM OoJblle BSI3KOCTH CPEIbl M HIDKE
4acToTa ee MyJIbCanuii.

Koapounuent TypOymentHort nuddysnn gactuig

R
(mpu  ycmosuu  0.134 e <d.<13.4 % )
|Ap U. |Ap U.

MOXHO OTIPEIEIIUTH 10 BEIpaskeHuto[ 14]

Vo

D+:—.
1+a)A p

(19)

Kosppunment ckopoctn mnepeHoca dHaqium
(TypOyNeHTHOW MUrpalyy) HalIeM MyTeM HHTErPUPOBAHUS
BoIpaxkeHus (3) n ananorun Bo=7v / (1+ wetp).

bpoyHoBckast auddy3us 4acTull He YYHTHIBAaeTCH,
T.K. €¢ BIIUSHUE HA MEPEHOC B TYPOYIEHTHOM IOTOKE OYEHB
HE3HAYHUTEIBHO.

Homyunm
u

p. = —
(1+a)ETp R1+—In(l?25/§1)
X

(20)

C uCrnonp30BaHUEM HU3BECTHOM 3aBHUCHMOCTH IS
U7EaTbHOTO BBITECHEHUs NOTOKAa, KOTOpas COOTBETCTBYET
SHEpreTUIecKord Moaeny, 3PQeKTHBHOCTL TypOyIEHTHOTO
IepeHoca AUCIEPCHBIX YacTHI[ K CTEHKEe KaHajga WM K
MIOBEPXHOCTU XaOTUYHOM HacaJKu UMEET BUL.

F

n=1-exp|— , (21)

Va
rae N — 4YHUCJIO CIuWHHUL TICPCHOCA, F -
v 2

[IOBEPXHOCTh KaHaja WU HAacalO4HBIX DJJIEMEHTOB, | = ;
o o ~ 3 ~
Vae — 00BEeMHBIN pacxo] CIUIOMIHON cpenpl, | /A.

2014 Global Journals Inc. (US)

J1 mycToTenoro KaHaja pacdeT MO BBIPAKEHHIO
(2 1 )maer nmomo yacTHIl, KOTOp BE 3a CUeT Typ OyIeHTHOU
MUTpalyy MpuOIM3WINCH (Ocenu) Ha CreHkH. Ecmu B
KaHaJle HaXxOAWTCS MeNKas XaoTW4HAas Hacajka, TO
BeIpakeHune (21) xapakrepuszyeTr 3QEeKTHBHOCTb CMEIICHHS
cpex, T.K.  pacmpefeleHue  JAWUCIEpCHOM  ¢a3sl  y
MOBEPXHOCTH  3JIEMEHTOB  OOECHEYHT  IMPAKTHYECKU
OJHOPOJHYIO KOHIEHTPALHMIO II0 IONEPEYHOMY CEUEHHIO

n—1 [13]

F =a,SH, moxHo BbIOpaTh wiMHY 30HBI TypOYIEHTHOrO

KaHaJia, €CJIn 3a,uaBaﬂ 3HAa4YCHUC

CMECHUTCIIA, TOC av — YyA€IbHasg NOBEPXHOCTH HaCaIKH,

2 7y 3. N
i “/i°;S - miomans TIOIIEPEYHOr0 ceueHus Kanana, |
H- niyHa 30HBI CMEIIEHHUS ¢ HACAKOM, M.

IV. Kosppuuuent Maccoornaun

PaccMmorpum mporiecc mMaccooTtgaud B CIUIOMIHON
daze mpm ABWKCHUU Kallellb WIM TBEPABIX YacTUI B
TypOYJIEHTHOM TPSMOTOKE.

DKcnepuMeHTallbHbIE uccnenoBanus [3] meromom
roiorpapuueckodl  MHTEPHEPOMETPUH  XAPAKTEPHCTHK
mupPy3MOHHOTO  TOrPAaHUYHOIO  CIIOS B CiIydae
MaccooOMeHa MENKOMUCTICPCHBIX TBEPABIX YaCTHI[ B
TypOyJIEHTHONH  JKUAKOCTH,  TIO3BOJNWIIM  YCTaHOBWTH
ABTOMOJICTFHOCTh TPO(MWIS KOHICHTPAIUH, XapaKTEPHYIO
JUIsl  JJAMUHApHOTO TMOTPAaHUYHOIO CJOSl, M  HaJu4due
JorapuMUIECKOro MPOoQuiIs KOHICHTPAIUH, MPUCYIIETO
TypOyJEHTHBIM  TIOTPAaHWYHBIM  cliosM.  [lymbcarmu
TypOyIH3UPOBAHHOTO BHEIIHETO TCUCHHS, IIPOHUKAS B
BSI3KHMI TOJCION YacTHULl, BBI3BIBAIOT YCHUJIEHHE IPOLIECCOB
MacconepeHoca. Bce  BbIIENepeunclIeHHOE IO3BONSET
paccMaTpuBaThb TOTPAHUYHBIA CJIOM HA 4YacTHIAX Kak
«TICEBIOJIAMUHAPHBIIN».

B  paGorax [5-8] mpemIOKEHBI — MOICITHU
MacColepeHoca,  MO3BOJISIONIUC  YYUTHIBATH  BIIUSIHUC
BHEIITHEH TypOyJIEHTHOCTH Ha TIOBE/ICHHE

TICEB/I0JIAMUHAPHOIO CJIOSI.

B cucremax >xuaxocTb-xuaKOCTh uncio munra
Sc >> 1 wn 7Torma nuddy3noHHOE CONPOTHUBIICHHE
JIOKAJIN3YETCS B TOJCIIOE, KOTOPBIH Ha3bIBAIOT BS3KMM. B
BS3KOM TIIOJICJIOE COYETAETCSl MOJICKYJSIPHBIH IIEpeHoC ¢
TypOyneHTHOH 3aryxatomeil muddysmeii. Ha rpanume
muddysnonnoro moacnos npuanMaetcs D, = D, rne D, D, —
K03(GHUIMEHTHI MOJIEKYIISIPHON M TypOyneHTHOH nuddysun
KOMIIOHEHTa, M/C.

VYuuThIBas, YTO TONIIMHA BSA3KOTO IIOACIOS Ha
MOPSIZIOK MEHBINE JUaMeTpa YacTUIbl (KaIulhi) HpHMeM
MOJIEJTh TUTOCKOTO TIOTPAaHUYHOT'O CIIOSI.

ComnpoTHBIIEHHE NEPEHOCY Macchl KOMIIOHEHTa B
BSI3KOM IIOJICIIOE Ha Karlle 3alrchIBaeTcs B Buae [6,7].

)
1 f_dy @
ﬁ 0 D+ Dc‘)

rae B — kK0d(Q(UIIUEHT MacCOOTAaYd OT Karuld
(x karure) B crutomHol (ase, M/c;d; - TONMHA BS3KOIO
MOACITIOS Ha Kamle, M; y - IOIepeyHas KOOpAHMHATa B
MIOrPAaHUYHOM CJIOE, M.



I[Mocne waTerpmpoBanms (22) ¢ QyHKuuei
TypbynenTHOro obmena JleBmua D, = U«d1(y/d1)% s
Kartesb ¢ MOJBIKHOM MOBEPXHOCTHIO pasmena da3 (u < 1),
k03 punmEeHT MacCOOTAAYH MOTyIuT BUJ [6].

2u,
A\ RSC ’

¥ JUTS Kamenmb ¢ 4 > 1, a TakKe TBEPBIX YACTHIL
pu D, = U«d1(y/31)° umeem [6].

5 6+/32°0. |

(z+1)° (2- z)
\/_Inz(z—)+6 ctg-——~ \/5

rae Ry = Uxdy/v - Ge3pazmepHas TOJNIIMHA BS3KOTO

B= (23)

(24)

II0ACI0A, U* - JUHaMH4eCKas CKOPOCTb Ha Mex«bamoﬁ

MOBEPXHOCTH  Karum, M/c; v —  koddummeHt
KHHEMATHYCCKOI BA3KOCTH CIUIOMHOHA (askl, M7c; Z =
(Ri)"*8: Sc = VD — umcno WMimmara; 4 = g lue —
OTHOIIEHHE KOI((UIMEHTOB JMHAMHYECKOH BSI3KOCTH
JTUCTIEPCHOM U CIUTONIHOM (a3.

3nauenne R; mia  Qopmynsr  (23) momydeHo

B BUjIE [6].
A2
R = [Au (U,, arctg\/ﬁ) 1} (25)
a st hopmyitsl (24)
312
R = 6‘/_Au ——(k, +k, +7) | (26)
A 2
rae Ky = ﬁlnﬁ\g%};ﬁ-l; Kk, = 6 arctg

2-A)
A3

CKOpPOCTH KaIlUIA (‘IaCTI/IHBI) OTHOCHUTCIIBHO >XHMJIKOCTH, M/C;

. B = R1'°'333; AU = Uy — Uy ; Uy — cpennsis

Uys — CKOpPOCTh Ha Mek(a3HOH MOBEPXHOCTH, M/C (I
qacTHLbl Ugs = 0)

CorylacHO  mpaBWJIy  aJJIUTHBHOCTH  CpeJHEe
KacaTeJbHOe HalpsDKEHHE Ha TOBEPXHOCTH Karuid Oyner
paBHo.

T=7,+7T,, (27)

T 7, - KacaTeJbHOE HaNpsHKEHHE IPH CBOOOIHOM
JBIDKEHWH Karum, [la; 7, - KacarenpHOe HaNpsDKeHHE Ha
Kalule, BBI3BAHHOE TYPOYJIEHTHBIMH IyJIbCAIMAMH U3
BHEIITHEr 0 MOTOoKa, [1a.

W3  Beipaxenus (27)
CKOpOCTB Ha KaIuie.

CpeaHsdass AUHAMHUYCCKas

U =+t +7,) p,

e 7T, = u? Pa
umeert Buza [9].

(28)

U  BBIpAXXCHUE [JId pacyeTra

Auvy
4py (29)
46 +16d,
rae dk — CpeHUN AUaMETP KaIlIH, M.
3HaueHUWEe T, HaWOeM, UCIONb3yd CPEIHIOI

00BEMHYIO CKOPOCTh JHCCHUIALMN SHEPTUH, BBIPAXKEHHYIO
yepes Iepenaj AaBieHus B kanaiue [2,6,11].

o ) APW,v
Ty =4p | — | =4p; —a |

& &

(30)

Te & - CpemHsIsl CKOPOCTh IVICCHIAIINU SHEPIHH,
Br/m®; AP — nepenaj aasienus, Ila;W,, - cpennss ckopocTsh
KHUIKOCTH B KaHale, M/c; H - mmuHa kaHana, M.

3amuceiBast A P o Bwipaxkenuto [lapcu-Beiicbaxa
u3 (30) moyanm.

1/2

4 o, (31)
To=4p | —— | .

0o ® 2d

rne A — KOdpQUIMEHT THIPaBINIECKOTO

conporuBieHus kanana, A = f (Rey); d — quamerp xanana, m;
Rey = W, d/v — uncio Peitronsaca. Ilo dpopmyne brnasnyca
4 =0,316 Red'o‘25 pu 4000 < Reyg < 10°. [pubmmxeHHO B

mnrepsane 10* < Re, <10°, 1 = 0,184 Re*?

CpenHioro CKOpPOCTb JIBIKCHUS Kariu
OTHOCHTEITEHO BHEITHEH Cpelbl B TYPOYICHTHOM HECYIEM
[IOTOKE 3alMILIEM KaK pe3yJbTUPYIOUIYIO.

U, = (U7 +U?,

rae Ug — CKOpPOCThb TI'pPaBUTALMOHHOI'O IBMIKCHUS,
M/C; U, - Cpe€aHsisi CKOPOCTb, BBI3BAHHAsI Typ6yJ'IeHTHI>IMI/I
myJabCallisIMHU CpEabl, Mm/c.

3HadeHUE U, paccMaTpuBa€TCi KaK CKOpPOCTh
00TEeKaHUs YaCTHUIbI Typ6yJ'IeHTHBIMI/I MyJabCallisIMHA
nopstAka AuaMeTpa 4aCTULlbl, BBIPAKCHHYIO YCPE3 BCIIMYUHY
JUCCHUIIAIIUU SHEPI'U B KaHAJIC.

 ~loe)” -

Pacuersr koa(duimenta Mmaccoormaum (23) B
TypOyJICHTHOM TIPIMOTOKE B TJaJKoH Tpyde TpH
Rey = 10* + 10° nokashIBaloT, YTO MO CPABHEHHIO CO
CBOOO/IHBIM TPaBUTAILMOHHBIM DPEXHUMOM [6] mpoHucxomur
HE3HAYUTEIIbHOE IOBBIIEHHE KOd((PHUINEHTa MaccoOTaaun
p nHa 5-10%. Ecmm B TpyOe WMeEIOTCS DIIEMEHTHI
WHTEHCHpUKanuK (HampuMep, KOJbIeBash HaKaTKa),

(32)

1/3

d, AW,

33
2 (33)
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ko3pdunmenr maccoormaun nosbmmaercs Ha 20-25 %.
3HauYNTEIbHOE IIOBBIMICHNE KO3()(HUIMEHTOB MaccoOTIadH
(B 2 paza) HaOmroaercs, eciiu B TpyOy IMOMECTUTH MEJIKYIO
HeperyJsIpHyIo Hacanky, Hampumep «Mmxexum» [4].

Cpennee KacaTelbHOoe HalpsDKeHUe Ha
MOBEPXHOCTH  HEPETYNISPHBIX HACaJOYHBIX 3JEMEHTOB
HaxomuTcs o BeipaxkeHuto (Re,>50) [11].

r,=4p, (v/d,)Re®(£/2)°,  (39)

rre Re, = W,,d, / v — uucno PeliHonbaca it
nacanku; d, = 4¢./a, — SKBUBAICHTHBINA JTHAMETP HACAJIKH,
M; €. — YACTBHBIN CBOOOIHBIH 00BEM HACAJIKH, M3/M3; a, —
yIOenbHAs TOBEPXHOCTH, MM, ¢ —  KOI(pHIHEHT
THIPABINICCKOT0 COMPOTHUBIICHHUS HACAIOTHOTO cltos [4].

I[Ipu pacuere xkodpduIeHTa MAaCCOOTHAYU OT
Kareiab B TypOyJICHTHOM IPSMOTOKE B KaHATE C X A0THYHOU
HACAJKOM TMpenanonaraercs, 4Yro AucriepcHas ¢asa He
CMauuBaeT MOBEPXHOCTh HAcaIku. Ecim ke aucrepcHast
(haza XOpoII0 CMAaYMBACT MOBEPXHOCTH IJIEMEHTOB HACAJIKH,
TO HEOOXOJIMMO YYUTHIBATH JOMOJIHUTEIBHYI0 MACCOOTAATY
OT IUICHKA JKUJIKOCTH B MPSIMOTOKE, 4YTO MOBBICHT
3¢ (HEKTHBHOCTD SKCTPAKITUH.

V. Maccoornaua IIpu Ilepememmpanum

Jlamee paccMoTpuM MIpUMEHECHUE BBIIIIE
MIPEJICTaBIICHHBIX YPaBHEHUH I pacyera MacCOTAAadd OT
Karenb M TBEPABIX YACTHI[ B almapaTe C MEMAIKOH mpu
TypOYJIEHTHOM peXHME.

OmnpeneneHne cpemHe CKOPOCTH OTHOCHUTEIHHOTO
JBIDKCHUS TUCIIEPCHBIX YaCTHUI] B TIEPEMEIINBACMON Cpere
SIBIISIETCSL  CIIOKHOM  3aJlayeil, KOTOpash IOKa HE HMEET

TOYHOTO AHAINTHYECKOro pemeHus. B pabore [15]
NpelUIaraeTcss CPEAHIOI CKOPOCTh  JBWIKCHHSI YaCTHIL
NPEACTaBIATh  KaK  PE3YAbTUPYIOUNIYIO  CKOpOCTEH
(ananormyno (32)):
2 2 2
Uy =+/Ug +U; +Ug, (35)
e Uogr — CKOPOCTb POCKaJIb3bIBAHUS:
7[|Ap| u, d,
Uso =17z 4 (36)
6&, p.d
e P=t
rae U, — CKOPOCTh BpalleHWS KOHLA JIONACTH

MEIIaJIKu, M/c: Uy, = 1 d,, , N — 9acTOTa BpaIlCHNUS, ct d, -
IUaMETp MEMIANKH, ML - KO3(HIMEHT CONpOTHBICHUS
TpH JABWKeHNH Karwtw, & = f(Re,).

Cpensioro JMHAMHYECKYTO CKOPOCTh Ha
MeX(a3HOH MOBEPXHOCTH KAIUTM HAWIEM IO BEIPAXKCHHUIO

[6,7]

— 1/4
U, = 2 , (37)
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IJle £€— CPEJHSsA MaccoBas CKOPOCTh JMCCHIIAIAH
SHEPruu:

3 45
- N Kgp,n’d
g=—=—N"2 "1 (38)
Q. Qe
rie N - MomHocTh moTpeOiiseMas  Ha
nepeMemuBanue, Br; Ky - KpuTepuil  MOIIHOCTH,

3aBUCSIINNA OT KOHCTPYKTHBHBIX XapaKTEPUCTUK MEIIATKH U
LEeHTpoOeKHOrO unciia PeitHompaca; Q,, - 00beM KHUIKOCTH
B MeILIAJIKE, M.

Pacyer mokasbIBaeT, 4TO 3HAUCHHUE Mapamerpa Rl
(25) nns xaneas HAXOAUTCS B Mpeaesax R.I. ~ 6-8.

PesysnbraTel pacuera ko3¢ GHUIUEHTa MAaCCOOTAAYH
B CIUIOIIHOM (haze mo ypaBHeHUIO (24) W CcpaBHEHHE C
ONBITHBIMM JaHHBIMU [2] mTOKa3aHo Ha pucyHke 1.
OKCHEpPUMEHTHl IIPOBOAMINCH B TIPOTOYHOM CMECHTEINE
nuamerpom D = 38 MM npu nepememuBaHMM  2-X
JIONIACTHOM MEUIAJIKOM € COOTHOLUEHUSMHU  JUaMeTpa
MeIIalKy, MIMPUHBI JIONAacTH W JuaMeTpa amnmapara,
paBHbIMH cooTBeTcTBeHHO 1 : 2; 1 : 10.

Jlns TBep WX YACTHII M Kamelb C OOJBIION
BA3KOCTBIO, OTHOCHUTENIBHO CIUIOIIHON cpensl,
K03(GHUIMEHTBI MacCOOT/a4u B CIUIOIIHON (haze MOXKHO
ompenenuTh IO ypaBHeHHIO (24) c mapamerpom (26).
[TpoBeneHHble pacyersl Oe3pa3MepHOI TOJNIIMHBI BS3KOTO

nojicios (26) moOKa3bIBAIOT, YTO Fﬁ_ ~ 15-25.
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Pucynor 1. 3aBUcUMOCTb KO3()(DUIIMEHTOB MACCOOTIauH 3 B CIUIONTHOH (haze OT KOMILIEKCa ndi pu

9KCTPAKIIUK PA3JIUYHBIX CHCTEM: | — pacyer 1o ypaBHeHuo (23); 2 — IKCHIepUMEHTANIbHbBIC JaHHbIC,
00o0meHHbIe B padote [2].

MHorue aBTOpbl M3y4alOT MAaccooTAadyy B
CIUIOIIHON (ha3e MpU pacTBOPEHUU TBEPBIX YACTHII.

Ha pucynke 2 noka3aHa KOppesslus pacueTHBIX U
SKCHEPUMEHTANbHBIX JaHHBIX [15] mpu pacTBOpeHHH

B-104, M/c

10

AHMOHOOOMEHHOHW CMOJIBI B PACTBOpPE COJITHON KHCJIOTHL
Huamerp yactuii aHHMOHOOOMEHHOW cMoubl — 30, 8-10’6;
593-10°°, m.

2

0—3
®—4

€/p,, Br/kr

0 0,1

1,0

Pucynok 2 : KoppensiuoHHast 3aBUCUMOCTb PACYETHBIX M AKCIIEPHMEHTAJIBHBIX 3HAYSHUH KO PHITEHTa MaccoOTAauH [3
OT Juccunanuu sHepruu €. 1, 2 — pacuer no ypasHenuro (24); 3, 4 — skciepuMeHTanbHble AanHble [14]. Iuamerp gactui
(M):1,3-30,8-107°2,4-593-107°

Ha  pucynke 3  mpuBeneHO  CpaBHEHHUE
pacCYUTaHHBIX 1o YpaBHEHUAM MOZEIH u
OKCHEPUMEHTAJBHBIX ~ JaHHBIX  Pa3lIMYHBIX  aBTOPOB,

00001IeHHbIX B pabore [2], mpu pacTBOpEHHH TBEPIBIX
B3BEIICHHBIX YaCTHI] B aIlllapaTax ¢ MEIIaITKaMH.
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Pucynok 3 : 3aBUCEIMOCTb KOMILIEKCA

0,1

1,0

OT JIMCCHUIIALNK SHEPrun: | — pacuer 1o ypaBHeHUIO (24);

2 — SKCIICpUMCHTANIBHBIC JaHHBIC [2]

VYpasHenus (23) u (24) npoBeneHsI IS anapaToB

C MexaHMueCKMM repememmBanmeM: Re,> 10°, 10
de d.< 1073, 500 < Sc < 1700. Pacxoxnenue C
skcriepuMenTatbHbMU tanneiva £ 15%0 .
VI. Ocuosusie Pesynsrarsl u Beisoas:
B crathe paccMOTpeHBI MpOLECCH IepeHoca

gactuy (< 10%M) B KMAKOCTAX TIpH  TypOYIEHTHOM
TIp SMOTOKE, a TaKkKe Macco orjaud B crutomHoi dase. Ha
OCHOBE HCIUIOJIb30BAaHMUSI MOJENEH IOrpaHUYHOrO CIIos
MIOYYeHbl BBIPAXEHHUA Uil  KOI(G(HUIMEHTOB IepeHoca

UMITyJIbCa, a C TpPHUMEHEHHEM TEeOpuH TYpOYJIEeHTHOH
MUTpallMd  YacTHLl KO3((HUIMEHTHl IepeHoca YacTHI
(ckopoctn  TypOymeHnTHOW — Mmwurparun). [loixydeHHbIe
BBID&)KEHMS ~ MOTYT  HCIIONIB30BAaThCA UL pacdera

TypOyJIEHTHBIX IIPSIMOTOYHBIX CMECHTENEH.

Jlamee paccMOTpeHa MAaccoOTAada B CIUIOHIHOU
¢dasze OT Kamemb W TBEp HIX YAacTUIl B P MOTOKE.
[MpuBenensl ypaBHeHHA Uil pacdera KO3 QPHUINEHTOB
MacCOOTAAYd U  BBIPAXKEHUS AN BBIUUCICHHA HX
xapakrepuctuk. llokasaHo BiusiHUE Ha KO3()(UIMEHTHI
MacCOOTAA4YH IpHU NPSMOTOKE B KaHAJE KOJIBLEBBIX HAKATOK
U MEIKOM HeynopsjaodeHHOW Hacagku. Kpome »storo
BBIMIOJIHEHBI  PacdyeThl MacCOOTAauud B ammaparax c
MEXaHUYECKUM NepeMeIUBaHUEM. INoxazanHo
YOBJIETBOPEHHOE COIIACOBAHUE C JKCHEPUMEHTAIbHBIMU
JTAHHBIMM PA3JIMYHBIX UCCIEJOBaTENEH.

[lomyuennsle ypaBHeHHS Uit KOI(DPHUIHEHTOB
TypOYJIEHTHOTO IEpeHOCa M MacCcOOTAaud AUCIEPCHBIX
YacTUI[ MOTYT HCIOJb30BAThCA Al PACUETOB IIMPOKOTO
KJIacca anmnapaToB XUMUUECKON TEXHOIOTUU U SHEPT€TUKU.
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Removal of Phosphates and Chromates in a
Multi-ion System

Patricia A. Terry * David Dolan °, Matthew J. Maccoux” & McKinley Meyer ©

Abstract- Because industrialization is increasing the number of
manufacturing facilities in traditionally rural agricultural areas
globally, ground and surface waters with mixed fertilizer and
industry contaminants must be considered. This work
characterizes the effect of nitrates, phosphates, and
chromates on the removal of phosphates and chromates from
contaminated water via ion exchange with calcined
hydrotalcite, an inexpensive, synthetic double layer hydroxide.
Isotherms for single ion removal are compared with those for
multi-ion solutions at contaminant levels typical for
contaminated ground and surface waters. In addition, fixed
effects statistical analysis of variance, PROC GLM
(SAS Version 9) was used to analyze main and interactive
effects for target anion removal and Least Significance
Difference t-test and Tukey's studentized range honest
significant difference at o« = 0.05 were used a multiple
comparison procedures to determine significant mean
difference in treatments.

It was found that in a binary phosphate-chromate
system, phosphate removal was only significantly reduced by
higher chromate levels and this effect was magnified at higher
phosphate levels. Chromate removal, on the other hand, was
reduced at all phosphate levels. For the ternary system,
phosphate removal was reduced by chromates, but not
nitrates. However, the chromate-nitrate interaction was
significant, as was the ternary interaction, particularly at higher
phosphate levels. Chromate removal in the ternary system was
impacted by the main effects for chromate, phosphate, and
nitrate and also by all of the interactive effects. Hence, a multi-
step ion exchange process would be required to remove all
anions of concern in a mixed contaminant system.

Keywords. jon exchange, phosphate, chromate, nifrate,
hydrotalcite, double layer hydroxide.

. INTRODUCTION

s the rate of industrialization increases globally
along with suburban growth bringing factories and

industry to rural areas, the concern for water
contaminated with a mixture of industrial and agricultural
wastes is increasing. Many people in these
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rural areas rely on untreated well water for domestic use.
In both the developed and developing worlds,
phosphate and nitrate nutrient contamination from
agricultural practices have rendered wells unsafe for
consumption, primarily because the presence of nitrates
above 10 mgL' in drinking water can lead to
methemoglobinemia, or blue baby syndrome, which
affects both humans and farm animals. Nitrates and,
particularly, phosphates are both responsible for
increased rates of eutrophic waters, which leads to
potentially toxic algae blooms and reduced oxygen
levels. These greatly reduce the health of aqueous
ecosystems, creating dead zones in many waterways
globally. Phosphate levels as low as 0.025 mgL™ can
accelerate eutrophication and, because it is the limiting
factor for eutrophication, the United States
Environmental Protection Agency, USEPA, recommends
levels below 0.1 mgL" to preserve ecosystem integrity
(U.S. E.P.A,, 2002). Not just agricultural fertilizers cause
eutrophication. Storm runoff, landfill leachate, and
domestic and industrial effluents also contribute and
have hindered the potential of water reuse
(Chang et al., 2010).

In addition to nutrients, many heavy metals may
occur naturally in groundwater supplies at levels
exceeding maximum values for human health. Heavy
metals may also be introduced by anthropogenic
activities, such as mining, plating, and tanning
industries.  Globally, abandoned mines have
contaminated ground and surface waters and the
tanning industry has produced irreversible damage to
aquatic environments (Shankar 2008). Chemical spills at
industrial sites, improper disposal and storage of
wastes, and leaking or abandoned underground storage
tanks may all contribute to contamination (USEPA
2002).Studies on urban watersheds in southeast
Michigan, United States, for example, showed that
current and past land use practices have resulted in
groundwater and soil contaminated with chromium,
copper, lead, nickel, and zinc (Murray et al. 2006).
Hexavalent chromium, in particular, is used in tanning
and plating industries, manufacture of dyes and
pigments, and in circuit boards. It is on the USEPA list of
top twenty total releases and is toxic, carcinogenic, and
mutagenic such that the maximum acceptable level in
drinking water is 0.1 mgL"(USEPA 2003). It exists in
aqueous solution as either the anion chromate (CrO,?)
above a pH of 8 and as dichromate (Cr,0O,%) below a pH
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of 6. At concentrations below 1.6 mgL’, it may also
appear as bichromate (HCrO,).

Much work has focused on removal of anions
from aqueous solution, usually as single ions, co-
removal of nutrients, or co-removal of heavy metals.
Recent methods to remove phosphates include
adsorption onto a zirconium sulfate surfactant micelle
mesostructure (Pitakteeratham et al. 2013), recovery by
a continuous struvite reaction crystallization process
(Hutnik et al. 2013), immobilization using natural calcium
rich sepiolite (Yin et al. 2103), adsorption onto
biochar/MgAI-LDH ultra-fine composites (Zhang et al
2013), and enhanced biological removal (Mielczarek et
al. 2013).Co-removal of phosphorus and nitrate nutrients
has been performed via adsorption onto ceramsite
material made from coal ash and metallic iron (Ji et al.
2010), use of plant-microorganism combined systems
(Li et al. 2011), and in membrane biological reactors
(Galil et al. 2009). Chromium removal has been
investigated via integrated membrane bioreactor system
(Vyrides and Stuckey 2011), adsorption onto magnetic
hydrogel (Yin and Lo 2010), sorption onto animated
polyacrylonitrile fibers (Wang et al 2011), adsorption by
UV-active functionalized graphene oxide (Dinda et al.
2013), biological reactors (Tekerlekopoulou et al. 2013),
and reduction to Cr(lll) mediated by zero-valent
magnesium (Lee et al. 2013).

In the past decade, the use of naturally
occurring or synthetically made clay mineral based
layered double hydroxides, LDHs, has been widely
investigated as an inexpensive ion exchange media for
removal of anions from aqueous solution. This class of
materials has become increasing researched and
utilized due to ease of synthesis and low cost compared
to resin based ion exchange media. Phosphorus and
nitrate removal via super paramagnetic particles
modified with LDH was performed by Mandel et al.
(2012). Removal of Cr(Vl), zinc, and cadmium in a multi-
ion solution (Terry et al. 2010) and removal of nutrients
by hydrotalcite, a synthetically made aluminum-
magnesium based double layer hydroxide, Terry (2009)
have been characterized. Phosphorus sorption and
recovery using mineral based materials has been
investigated by Wending et al. (2006) and Reitzel et al.
(2013) have investigated phosphate removal by
modified bentonite clay.

This work furthers previous work by Terry et al.
(2009, 2010) and investigates the effect of nitrates,
phosphates and chromates on the removal of
phosphates and chromates via ion exchange with
calcined hydrotalcite, HTC in a multi-ion solution. These
three were chosen because of the global concern for
nutrient contamination of water and the growing concern
that industrialization moving into rural and suburban
areas will possibly add industrial waste contamination to
the same surface and ground water sources. Because it
is toxic, carcinogenic, and mutagenic at very low levels,

2014 Global Journals Inc. (US)

industrial releases of and water contamination by
chromium (VI) is of particular concern. Nitrate removal is
not considered in this work because previous work has
shown that, while nitrates are removed via ion exchange
with hydrotalcite in a single ion solution, removal is
significantly diminished in the presence of even low
phosphate levels. Phosphate removal, on the other
hand, is high in a single ion solution and remains so
even when up to 30 mgL™" nitrate is present.

In this study, first the two ion phosphate-
chromate system is characterized including both the
effect of chromate on phosphate removal and the effect
of phosphate on chromate removal. Next the three ion
system is investigated including the effect of chromate
and nitrate on phosphate removal and the effect of
phosphate and nitrate on chromate removal. In all
experiments, concentrations were used that correspond
with those typically found in contaminated surface and
ground waters, ranging from zero to 6.13 mgL"
phosphate (2 mgL" P), 30 mgL™ nitrate, and 20 mgL"
chromate.

I1. EXPERIMENTAL PROTOCOLS

Hydrotalcite, [Mg,Al(OH),],CO43H.0, ion
exchange media used in these experiments was
purchased from Sigma-Aldrich chemicals. It was
calcined by heating at 450°C for several hours. Nitrates
were added as sodium nitrate, NaNQO,, phosphates as
sodium dihydrogen phosphate, NaH,PO,, and
chromium (V1) as chromium trioxide anhydrous, CrQO;, all
research grade from Fisher Chemicals. Nitrate and
phosphate levels were measured using a calibrated
Shimadzu UV-1601, UV-visible spectrophotometer. An
ascorbic acid soluble reactive phosphorus procedure,
HACH standard procedure 8048, using HACH Phosver
3 reagent powder was used for phosphate analysis. The
test measurement range was 0 to 0.82 mgL™" P, reported
as 0 to 2.52 mgL" PO,*. Chromium (VI) was measured
using a Perkin-Elmer 2280 atomic absorbance
spectrophotometer.

All experiments were performed in triplicate in
batch mode with 100 ml samples in acid washed high
density polyethylene bottles. Samples were prepared by
adding the appropriate quantity of nitrates, phosphates
and chromate, then adding the hydrotalcite. The alkaline
nature of the hydrotalcite caused a pH shift from that of
deionized water to about 8.2 + 0.2.Hydrotalcite, HTC,
0.2 gL', was added to each solution, which were then
shaken for twenty minutes with a NBS gyratory shaker
on high speed. Following ion exchange, the HTC was
separated from suspension by vacuum filtration though
Whatman 0.7 um glass fiber filters and residual
concentrations in the aqueous solution were analyzed.

First, the binary system of chromate-
phosphates was characterized. Following the binary
system analysis, the ternary system was characterized.
All experiments were performed with phosphate ranges



between 0 and 6.13 mgL" phosphate (1 to 2 mgL™" P), 0
to 30 mgL" nitrate, and 0 to 20 mgL" Cr(VIl). Both
Freundlich and Langmiur isotherms, typically used to
model both ion exchange and adsorption processes,
were used to characterize the ion exchange
effectiveness, assessing by comparison the effect of
other anions in a binary or ternary system on ion
exchange removal of the target anion. The Freundlich
isotherm,

Y = CXq",
Where Y = mg of target anion exchanged per
unit mass (g) hydrotalcite,

Xeq = residual target anion in solution following
ion exchange (mgL"), and

C, m = Freundlich model constants is typically
used for dilute solutions.

The Langmuir isotherm model
Y = bXe /(T + KXqp)

Where Y = mg of target anion exchanged per
unit mass (g) hydrotalcite,

Xeq = residual target anion in solution following
ion exchange (mgL™), and
b, K = Langmiur model constants is more often

used and a system is considered favorable when
KXeq> 1.

In addition, fixed effects statistical analysis of
variance, PROC GLM (SAS Version 9) was used to
analyze main and interactive effects for target anion
removal and Least Significance Difference t-test and
Tukey’s studentized range honest significant difference
at a=0.05 were used a multiple comparison procedures
to determine significant mean difference in treatments.
This was performed to analyze any main and interactive
effects of, first, phosphate and chromate concentrations
on phosphate removal and, second, phosphate and
chromate concentrations on chromate removal. The
ternary system analysis investigated any main and
interactive effects of phosphate, chromate, and nitrate
concentrations on first phosphateand then chromate
removal.

[11. RESULTS AND DISCUSSION

Results are presented in the form of residual
concentrations and isotherms for the target species. For
each isotherm, constants for both Freundlich and
Langmiur models are presented with R? values showing
strength of fit. Also, as described above, fixed effects
analysis of variance was used to determine the effect of
the target species and non-target species on removal of
the target species.

a) Binary Systern

First, the effect of Cr(Vl) on ion exchange
removal of phosphate was measured for low, 0.613
mgL”, and high, 6.13 mgL", phosphate initial
concentrations. Cr(VI) ranged from zero to 20 mgL™.
Figure 1 shows residual phosphate as a function of
Cr(Vl) for both high and low phosphate and Figure 2
gives the comparative isotherms. Langmuir and
Freundlich model constants are found in Table 1.
Figure 1 shows that at phosphate levels of 0.613 mgL™,
addition of even 1 mgL'Cr (VI) resulted in a slightly
diminished phosphate removal, from 99.5% to 95.2%,
respectively. Increasing Cr (Cl) concentration caused a
continued reduction of phosphate removal to only 88.9%
for 20 mgL' Cr(Vl). For an initial phosphate
of 6.13 mgL"', the presence of Cr(Vl) above
2 mgL"' affected phosphate residuals, but removal
remained high. Percent phosphate removal was 99.5%
when no Cr(VI) was present and remained above 98.5%
up to 15 mgL" Cr(Vl). Only at 20 mgL'Cr (VI) did
phosphate removal decrease to a still high 96.9%. The
three isotherms, each measured over a range of zero to
6.13 mgL" phosphate, in Figure 2 verify the result.
These were obtained at both low, 2 mgL'Cr (VI), and
high, 20 mgL™" (Cr (VI), and compared to the isotherm
for phosphate alone. The isotherms for just phosphate
and phosphate with low Cr (VI) show that low Cr (VI)
concentrations did not significantly affect phosphate
removal. The isotherm for phosphate in the presence of
high Cr (VI), on the other hand, showed that higher
Cr (V1) levels do impair phosphate removal.

Table 7. Freundlich and Langmuir model parameters for the effect of Cr(VIl) on phosphate ion exchange

Cr (VI) Freundlich Langmuir

mg L’ C m b K R?
0 253.2 | 0.7868 0.9996 665.6 7.395 | 0.9990
2 279 0.8352 0.9993 578.2 4987 | 0.9997
20 1976 | 0.8123 0.9985 451.7 5.615 | 0.9991

Fixed effects analysis of variance was used to
analyze the effects of phosphate and Cr(Vl) on
phosphate removal and the Least Significant Difference
t-test and Tukey’s studentized range honest significant

difference at o = 0.05 were used as multiple
comparison procedures to determine significant mean
difference in treatments. The main effect from
phosphate was significant (p < 0.02) as was the main
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effect from Cr(VIl) (p < 0.04), but to a lesser degree,
especially for low Cr(Vl). The interaction between
phosphate and Cr(Vl) was also significant (p < 0.03),
but again less so than the phosphate main effect
because only higher Cr(Vl) levels affected phosphate
removal significantly.

Next the effect of phosphate on the removal of
Cr (V) was measured for low, 2 mgL", and high, 20
mgL™", Cr (VI) with phosphate varied from zero to 6.13
mgL™". Figure 3 has residual Cr (VI) as a function of
phosphate and Figure 4 shows the Cr (VI) isotherms
with low, 0.613 mgL™, and high, 6.13 mgL", phosphate
compared to single ion Cr (VI) ion exchange isotherm.
Both Freundlich and Langmuir model constants are
presented in Table 2.Figure 3 shows that for both
2 mgL™" and 20 mgL" initial Cr (VI), Cr (VI) removal via
ion exchange is significantly reduced compared to

single ion removal by the presence of even low
phosphate levels. lon exchange removal of Cr (VI) in a
single ion solution was 95% for both high and low initial
Cr (VI), but in a binary solution with 0.31 mgL"
phosphate, removal of 2 mgL™" Cr(VI) was reduced to
63.5% and that of 20 mgL™" Cr(VI) was reduced to 69%.
For 2 mgL™" initial Cr(VI), percent removal decreased to
about 54% at 0.613 mgL" phosphate and remained at
that level for higher phosphate concentrations. At 20
mgL™ initial Cr (VI), removal continued to decrease to
only 37% at an initial phosphate concentration of 6.13
mgL". The isotherm in Figure 4 also verifies this result.
At even low phosphate levels, Cr (VI) ion exchange was
reduced greatly across the spectrum of Cr(VI) initial
values. This effect was magnified at higher phosphate
levels.

Table 2 . Freundlich and Langmuir model parameters for the effect of phosphate on Cr(VI) ion exchange

PO 2> Freundlich Langmuir
mg L’ C m b K R?

0 28.28 0.5366 0.9783 34.54 0.2999 0.9983
0.613 15.84 0.499 0.9478 17.18 0.257 0.9858
6.13 8.194 0.6626 0.9795 7.675 0.1075 0.9936

Fixed effects analysis of variance, the Least
Significant Difference t-test, and Tukey’s studentized
range honest significant difference at oo = 0.05 showed
the main effect from Cr(VI) was significant (p < 0.02) as
was the main effect from phosphate (p < 0.01). The
interaction between phosphate and Cr(Vl) was also
significant (p < 0.01), again showing that both Cr(VI)
and phosphate initial concentrations significantly reduce
Cr(VI) removal.

b) Ternary Systern

Once the effects of phosphate and Cr (VI) on
each one’s respective removal in a binary system was
characterized, the ternary system of phosphate, nitrate
and chromate was investigated. First, the interactive
effect of nitrate, phosphate and Cr (VI) on phosphate
removal was determined, then the effect of nitrate,
phosphate, and Cr (VI) on Cr (VI) removal was tested.
Nitrate removal, as stated, was not considered because
previous experiments showed that even low levels of
phosphate result in significantly reduced nitrate removal.
Nitrate was included in the ternary systems, however,
because it is usually present in ground and surface
waters contaminated with phosphate and, therefore,
may participate in interactive effects.

Figure 5 shows residual phosphate as a
function of initial phosphate, Cr(Vl), and nitrates. Initial
phosphate concentrations ranged between zero and
6.13 mgL™". Low and high Cr(VI) levels were 2 mgL™" and
20 mgL™" and low and high nitrates were 3 mgL" and 30
mgL". As the figure displays, phosphate removal was
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affected by the presence of both Cr (VI) and nitrate, with
the effect increasing at higher initial phosphate levels.
There was no significant difference between the
reduction in phosphate removal when both low Cr (V)
and either low or high nitrates were present, leading to
the observation that nitrates, when Cr (VI) was low did
not significantly affect phosphate removal. In both
cases, phosphate removal decreased from over 99% for
the single ion phosphate system to a minimum of 93.1%
for 6.13 mgL™" initial phosphate, 2 mgL'Cr (VI) and both
3 and 30 mgL™" nitrate. As would be expected from the
binary system results, for the ternary system of
phosphate with 20 mgL™" Cr(Vl) and both 3 mgL™" and 30
mgL" nitrate, there was a greater reduction in
phosphate removal. This effect was amplified at
30 mgL" nitrate compared to 3 mgL™ nitrate, showing a
greater interactive effect. For the high Cr (VI), low nitrate
system, phosphate removal decreased from 95.2% to
85.2% with increasing initial phosphate, while for the
high Cr (VI), high nitrate system, it decreased from
92.3% to 75% with increasing initial phosphate. The
isotherms for this system, shown in Figure 6, and the
isotherm model constants in Table 3 confirm this result.
Greatest phosphate removal occurred in the single ion
system, after which it decreased a small amount with
addition of 2 mgL'Cr (VI) at both high and low nitrate
levels. For these latter two, the isotherms are identical.
Declining isotherms for high Cr (VI) and either low or
high nitrate show the worst phosphate removal was
observed at both high Cr (VI) and high nitrate.



Table 3 . Freundlich and Langmuir model parameters for the effect of Cr(v1)
and nitrate on phosphate ion exchange

Cr (v1) NOy Freundlich Langmuir

mg L’ mg L’ C m R? b K R?
0 0 253.2 0.7868 0.9996 665.6 7.395 0.9990
2 3 255.9 0.8096 0.9981 601.2 6.22 0.9996
2 30 259.8 0.8145 0.9981 599.2 6.138 0.9998
20 3 243.9 0.9044 0.9992 359.0 1.997 0.9985
20 30 260.8 0.9849 0.9999 2771 0.286 0.9999

Fixed effects analysis of variance, the Least
Significant Difference t-test, and Tukey's studentized
range honest significant difference at o = 0.05 showed
the main effect from Cr(VI) was significant (p < 0.02) as
was the main effect from phosphate (p < 0.01), but the
main effect from nitrate was not significant (p < 0.08).
As was observed in the binary system, the interaction
between phosphate and Cr (VI) was also significant
(p < 0.01), again showing that both Cr (VI) and
phosphate initial concentrations significantly reduce
phosphate removal. The interaction between Cr(VI) and
nitrate was also significant (p < 0.03), as is observed by
a reduction in phosphate removal between the high
Cr (V) and low nitrate system compared to the high
Cr (VI) and high nitrate system. Finally, the interaction
between Cr (VI), nitrate and phosphate was determined
to be significant (p < 0.03) as would be expected from
the binary interactions.

Figure 7 shows residual Cr (VI) as a function of
initial phosphate, Cr (VI), and nitrates. Initial Cr (VI)
concentrations ranged between zero and 20 mglL™". Low
and high phosphate levels were 0.613 mgL™" and 6.13
mgL" and low and high nitrates were 3 mgL™" and 30

mgL". As the figure displays, Cr (VI) removal was
affected by the presence of both phosphate and nitrate,
with the effect increasing at higher initial Cr (V1) levels. In
a single ion system, Cr (VI) removal was above 95% for
all initial Cr (VI) concentrations. As with the binary Cr (VI)
and phosphate system, even low phosphate levels
reduced Cr (VI) removal and this effect was amplified at
higher phosphate levels. For the low phosphate and low
nitrate system, Cr (VI) removal fell from a maximum of
85% at 1 mgL™" initial Cr (VI) to only 46% for 20 mgL"
initial Cr (VI) and for the high phosphate-low nitrate
system, this was reduced further to only 60% and 35%
for initial Cr (VI) concentrations of 1 and 20 mgL™,
respectively. The presence of nitrate also interacted to
reduce Cr (VI) ion exchange. For the high phosphate-
high nitrate system, Cr (VI) removal fell from only 40% for
1 mgL" initial Cr (VI) to 20% for 20 mgL™ initial Cr (VI).
The isotherms, presented in Figure 8 and the model
constants, given in Table 4, reinforce this result. The
isotherm for the single ion system shows significantly
greater removal than the isotherms for any of the ternary
systems. Increasing either phosphate or nitrate results in
a diminished isotherm.

Table 4 : Freundlich and Langmuir model parameters for the effect of phosphate
and nitrate on Cr (v1) ion exchange

PO NOy Freundlich Langmuir
mg L’ mg L’ C m R? b K R?
0 0 28.6 0.5313 0.9709 35.52 0.3098 0.9946
0.613 3 14.7 0.533 0.9613 15.86 0.229 0.9904
0.613 3 14.58 0.536 0.9615 15.69 0.226 0.9903
6.13 30 7.689 0.6786 0.981 712 0.0969 0.9936
6.13 30 6.371 0.6763 0.9651 5.714 0.0882 0.9832
Fixed effects analysis of variance, the Least showing that both Cr (VI) and phosphate initial

Significant Difference t-test, and Tukey’s studentized
range honest significant difference at oo = 0.05 showed
the main effect from Cr(VI) was significant (p < 0.01) as
was the main effect from phosphate (p < 0.01)and the
main effect from nitrate (p < 0.02). As was observed in
the binary system, the interaction between phosphate
and Cr (VI) was also significant (p < 0.01), again

concentrations significantly reduce Cr (VI) removal. The
interaction between Cr (VI) and nitrate was also
significant (p < 0.02), as is observed by a reduction in
Cr (VI) removal between the high phosphate-low nitrate
system compared to the high phosphate-high nitrate
system. Also, the interaction between phosphate and
nitrate was significant, resulting in the lowest Cr (VI)
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removal under high phosphate-high nitrate conditions.
Finally, the interaction between Cr(Vl), nitrate and
phosphate was determined to be significant (p < 0.02)
as would be expected from the binary interactions and
the lowest measured Cr(Vl) removal at high initial
concentrations of all three.

IV.  SUMMARY

Experiments were performed to determine the
effect of nitrates, chromates (Cr (Vl)), and phosphates
on the removal of either chromates or phosphates in
multi-ion solutions via ion exchange with calcined
hydrotalcite, a synthetically made double layer
hydroxide. Levels of each anion associated with
contaminated ground or surface waters were
considered. Both Langmiur and Freundlich isotherm
models were applied to characterize and compare each
system. Fixed effects analysis of variance was used to
analyze both main and interactive effects and the Least
Significant Difference t-test and Tukey’s studentized

range honest significant difference at a = 0.05 were
used as multiple comparison procedures to determine
significant mean difference in treatments.

First, the binary chromate-phosphate system
was characterized. It was found that while low Cr (VI)
concentrations did not significantly affect phosphate
removal, higher Cr (VI) levels did have a negative
impact, especially at higher phosphate initial
concentrations. The main effects for initial phosphate
and Cr (VI) and the phosphate-Cr (VI) interaction were
all found to be significant (av< 0.05). On the other hand,
Cr (Vl) ion exchange was significantly reduced by
phosphate at both high and low phosphate levels. Both
the main effect for Cr (VI) initial concentration and
phosphate were significant as was the interaction
between the two. At higher Cr (VI) levels, the negative
effect of phosphate became intensified.

Characterization of the ternary system showed
that the main effects for phosphate initial concentration
and Cr(Vl) did affect phosphate removal, while the
nitrate main effect did not. Isotherms show that
phosphate exchange did decrease with increasing Cr
(VI), but the effect was greater at higher Cr (VI) initial
concentration. The interactions between Cr (VI)-
phosphate and Cr (VI)-nitrate were also significant, as
can be observed by a lowered isotherm capacity as Cr
(VI) and nitrates both increased. The lowest phosphate
removal isotherm capacity was recorded for the high
nitrate-high Cr (V1) case. The ternary interaction was also
significant. Finally, Cr (VI) ion exchange was negatively
impacted by the presence of phosphates and nitrates to
a greater degree than phosphates were affected in the
ternary system. The main effects of Cr (VI), phosphate
and nitrate and the interactive effects of Cr (VI)-
phosphate, Cr (Vl)-nitrate, nitrate-phosphate, and
Cr (VI)-phosphate-nitrate were all significant. Even small
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quantities of phosphate or nitrate greatly reduced Cr (V)
removal, with the lowest removal capacity occurring at
the highest concentrations of the three anions.

As industrial effluents begin to be introduced
into rural areas that already experience nutrient
contamination of surface and ground waters, removal of
anions in aqueous solution via ion exchange should
consider the effect of non-target anions competing for
exchange sites with the target anion. Presence of even
small amounts of some competing species may
significantly reduce the effectiveness of removing target
contaminants. In these cases, if it is desired to remove
all contaminants, multi-step separation processes
removing the most competitive anions first and the least
competitive anion last may be required.
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Streptoquin and Septazole: Antibiotic Drugs as
Corrosion Inhibitors for Copper in Aqueous
Solutions

A.S. Fouda * & H. E. Gadow °

Abstract- The inhibiting effect of streptoquin and septazole
towards the corrosion of the copper in 0.1M of HCI solution
has been studied by potentiodynamic polarization
measurements, electrochemical impedance spectroscopy
(EIS) and Electrochemical frequency modulation technique
(EFM). Potentiodynamic polarization curves indicted that these
compounds behave as mixed-type inhibitors. These drugs
were adsorbed on copper surface follow Langmuir adsorption
isotherm. The results obtained from EIS and EFM are in good
agreement with potentiodynamic polarization measurements.
Some quantum chemical parameters were calculated and
compared with the experimental data.

Keywords.: copper;, HCL, streptoquin and sepiazole
arugs, corrosion inhibition.

l. [NTRODUCTION

cid solutions are widely used in different
Aindustries. The most important fields of

application are acid pickling, industrial acid
cleaning, acid descaling [1]. copper is a metal that has
been widely used in different types of industries,
including electronics due to its relatively high corrosion
resistance. Its protection against corrosion saves large
costs on repairs and equipment replacements. In spite
of copper being a relatively noble metal, it reacts easily
in a medium containing oxygen. It has long been known
that when copper corrodes in aerated, chloride
containing solutions, a layer of Cu,O is formed on the
surface of the metal. In addition, copper is dissolved by
reactions which can be summarized as follows [2] :

Anodic: Cu ------ Cut +e
Cathodic : %OZ + 2HY + 26 —--———-- H,0

Then in solution:

3)

At chloride concentrations lower than 1 M, the
copper dissolution occurs through the formation of
CuCl, which is not protective enough and is converted to
soluble CuCl; by reacting with excess chloride [3].
According to Bacarella and Griess [4], the anodic
dissolution of copper is under mixed control by the

2Cu* + 50, + 2H"—— 2Cu* +H,0

Author a. Department of Chemistry, Faculty of Science, El-Mansoura
University, EI-Mansoura-35516, Egypt. e-mail: asfouda@mans.eadu.eg

Author o Chemical Engineering Department, High Institute of
Engineering & Technology (New Darnietta), Egypt.

electrodissolution of copper and the diffusion of soluble
CuCl, from the Helmholtz plane into the bulk solution.
On the other hand-higher chloride complexes such as
CuCl,*> and CuCl,* are formed in addition to CuCl and
CuCl, at chloride concentrations higher than 1M [5].
One of the most important methods in the protection of
copper against corrosion is the use of organic inhibitors.
Organic compound containing polar groups including
nitrogen, sulfur and oxygen[6-18] have been reported to
inhibit copper corrosion. The inhibiting action of these
organic compounds is usually attributed to their
interactions with the copper surface via their adsorption.
Polar functions groups are regarded as the reaction
center that stabilizes the adsorption process[19]. In
general, the adsorption of an inhibitor on a metal surface
depends on the nature and the surface charge of the
metal, the adsorption mode, its chemical structure and
the type of the electrolyte solution[20]. Also, heterocyclic
compounds containing nitrogen are known to be good
inhibitors of copper and alloys [21]. As the awareness of
environment protection, the research is oriented to the
development  of  environmental-friendly  corrosion
inhibitors[22-25]. Seeking for alternatives of toxic
inhibitors is under consideration. Some studies used
drugs as green corrosion inhibitors for various metals
and alloys[26-30].The use of environmental friendly
pharmaceutical compounds (streptoquin and septazole)
as corrosion inhibitors for copper has not been reported
before. So, our aim is to study the inhibiting effect of
these drugs on copper corrosion in HCI solution using
various electrochemical techniques.

II.  EXPERIMENTAL

a) Materials and Solutions

Copper was used as the metal electrode for
corrosion studies and its chemical composition As
follows (weight %): Ni 0.54, Fe 0.066 other impurities
0.76% and Cu 98.04 %. The investigated compounds
are belonged to the sulfa group (streptoquin &
septazole). As shown in Table 1. These drugs were
obtained from Glaxo SmithKline, Medical Union
Pharmaceuticals, Alexandria Co. for Pharmaceuticals,
Egypt. Analytical grade HCI (37 %) was used as
corrosive solution. Double distilled water was used
throughout experiments for the preparation of solutions.
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Table 7. Names, structural and molecular formulas and molecular weights for of the investigated drugs

Mol.formulas
Names Structures, & Mol. Wt.
s
Streptoquin o\\sﬁo Q
Benzenesulfonamide, -~ N N CoHgN,;0,S,
4-amino-N-2-thiazolyl-. 255.32
N1-2-Thiazolylsulfanilamide H=MN
Septazole HaN SO.NH
M -(5-methyl-3-isoxazoly) £ : ] C1°2HééN23§38
sulfanilamide .
o” “CHs
b) Methods and Techniques All  electrochemical measurements  were
Polarization experiments were carried out in a performed using Gamry Instrument (PCl 300/4)

conventional three-electrode cell with a platinum counter
electrode and a saturated calomel electrode (SCE)
coupled to a fine Luggin capillary as the reference
electrode. The working electrode was in the form of disc
cut from copper with dimension 1x1 cm which
embedded in epoxy with resin of polytetrafluoroethylene.
Before measurement, the exposed surface was wet-
polished with silicon carbide abrasive paper (800, 1000,
1200 grit), then the electrode was immersed in solution
at natural potential until a steady state was reached. Al
experiments were carried out in freshly prepared
solutions and results were always repeated at least three
times to check the reproducibility.

Polarization  measurements  performed  at
potentials in the range from -450 mV to -150 mV (SCE)
at a scan rate of 0.33 mVs™. All measurements were
carried out in aerated solution of 0.1 M of HCI in the
absence and presence of different concentrations of
inhibitors. The Tafel plots of the anodic and cathodic
curves were extrapolated to obtain the corrosion
potential (E,,) and corrosion current density (igy: ).

Electrochemical impedance spectroscopy were
performed at corrosion potentials, E.,, over a frequency
range of 10° Hz to 0.5 Hz with a signal amplitude
perturbation of 10 mV, using potentiostat/galvanostat
(Gamry PCI 300/4) and personal computer with EIS300
software for calculations. Data were presented as
Nyqusit and Bode plots. Experiments were always
repeated at least three times.

The electrochemical frequency modulation
technique (EFM) provides a new tool for electrochemical
corrosion monitoring. EFM experiments were performed
with  applying potential perturbation signal  with
amplitude 10 mV with two sine waves of 2 and 5 Hz. The
choice for the frequencies of 2 and 5 Hz was based on
three arguments [31]. The larger peaks were used to
calculate the corrosion current density (iy,), the Tafel
slopes (B, and B, and the causality factors CF2 and
CF3 [328&33].
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Potentiostat / Galvanostat /ZRA. This includes a Gamry
framework system based on the ESA 400. Gamry
applications include DC105 software for
potentiodynamic polarization measurements, EIS300
software for electrochemical impedance spectroscopy
and EFM 140 software for electrochemical frequency
modulation measurements along with a computer for
collecting data. Echem Analyst 6.03 software was used
for plotting, graphing, and fitting data.

[11. RESULTS AND DISCUSSION

a) Potentiodynamic Polarization Measurerments

Potentiodynamic polarization curves of copper
electrode in 0.1 M HCI solution without and with various
concentrations (100, 300, 500, 700, 900 ppm) of
streptoquin and septazole at 25C were recorded. The
polarization curves of copper in 0.1 M HCI at 25°C in the
presence and absence of different concentrations of
streptoquin and septazole are shown in Figs.1 & 2.
Electrochemical parameters such as corrosion current
density (i), corrosion potential (E.,), anodic (B.),
cathodic (B,) Tafel slopes and inhibition efficiency (m%)
were calculated and are listed in Table 2. The inhibition
efficiency (M%) and the corrosion rate (R.,,) were
calculated using Egs.1&2:

11 (%) = (icorr"icorr‘(mh‘) /icorr) X 100 (1)
Rcorr‘(mm/year): 3270)(( icorerW/D) (2)

where i, iS the corrosion current density
(A cm®), EW the equivalent weight of copper (g) and D
the density of Cu (g cm™).
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Figure 7 Potentiodynamic polarization curves of copper in 0.1 M HCI at different
concentrations of streptoquin at 25°C
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Figure 2 Potentiodynamic polarization curves of copper in 0.1 M HCI at different
concentrations of septazole at 25°C

The presence of increasing amounts of
septazole and streptoquin led to a decrease in both the
cathodic and anodic current density. It is clear from
these data that the inhibitors may affect either the
anodic or the cathodic reaction, or both [34]. Since the

anodic (B,) and cathodic (B,) Tafel slopes of streptoquin
and septazole were found to change slightly with
inhibitor concentration, this indicates that these
inhibitors affected both of these reactions i.e. these
drugs act as mixed type inhibitors [35].
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Table 3 : Electrochemical parameters obtained from potentiodynamic polarization measurements of copper in 0.1 M
HCI in the absence and presence of different concentrations of streptoquine and septazole at 25°C

'Ecorr : ﬁc, ﬁa I:zP

Comp %Or;g' mV vs pA'(;m L, | mv mV Ohm 0 | n% rr?r‘;‘;"-1
P SCE dec”’ dec”’ cm? y

Blank 144 284.10 670 351 352 3.294

100 154 101.80 650 258 786 0.642 64.2 1.181

300 180 77.68 708 258 1058 0.727 72.7 0.901

Streptoquin 500 195 61.63 639 234 1206 0.783 78.3 0.715
700 215 54.29 568 231 1313 0.809 80.9 0.630

900 212 47.93 501 233 1442 0.831 83.1 0.556

100 153 53.84 985 247 1590 0.813 81.3 0.624

300 164 43.58 936 246 1942 0.847 84.7 0.505

Septazole | 500 178 34.58 765 237 2296 | 0878 | 87.8 | 0.401
700 187 32.55 713 232 2362 0.886 88.6 0.378

900 197 24.66 566 225 2840 0.913 91.3 0.286

The addition of streptoquine and septazole shift
the E.., values towards the negative. A compound can
be classified as an anodic-or cathodic-type inhibitor
when the change in E.,, value is larger than 85 mV [36].
Since the largest displacement exhibited by
streptoquine and septazole was about 71 mV as shown
in Table 3, it may be concluded that these molecules
should considered as a mixed-type inhibitor, meaning
that the addition of these drugs to 0.1 M HCI solution
both reduces the anodic dissolution of copper and also
retards the cathodic hydrogen evolution reactions. From
the calculated values of (n%) as shown in Table 3, the
order of decreasing inhibition efficiency is as follows:
streptoquin > septazole.

b) Effect of Temperature
From Table 4 we found that the corrosion rate
increases with the rise of temperature and the inhibition

efficiency decreases with increasing temperature. This
can be attributed to the shift of the adsorption—-
desorption  equilibrium towards desorption. Such
behaviour suggests that investigated compounds were
physically adsorbed on copper surface. The activation
energy (E,) of the corrosion process was calculated
using Arrhenius eg. (3):

icorr =A exp ('E*a/RT) (3)

Where A is Arrhenius constant, R is the gas
constant and T is the absolute temperature. Figures
(8&4) show the Arrhenius plot (log s vs. 1/T) in the
presence and absence of streptoquin and septazole.
The values of activation energies E', can be obtained
from the slopes of the straight lines and are given in
Table (5).

Table 4 . Electrochemical parameters obtained from potentiodynamic polarization measurements of copper in 0.1 M
HCI in presence of 500 ppm from streptoquine and septazole at different temperature

-E .

Comp TempK rg\éc\,érs pA:cglin'Q mVBJeC'1 mVBSéC'1 Ohrf:Pcm2 0 n% n?r?r?;"
Streptoquin 208 173 99.16 578 269 803 0.736 73.6 1.150
Septazole 119 58.16 516 217 1140 0.846 | 846 | 0.675
Streptoquin 318 148 128.6 600 239 577 0671 | 67.1 | 1.491
Septazole 166 1031 606 252 749 0.736 73.6 1.196
Streptoquin 498 182 154.00 499 151 517 0.636 63.6 1.786
Septazole 165 127.00 430 185 579 0.700 70.0 1.473
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Figure 4 1109 (i /T) Vs. (1/T) curves for the corrosion of copper in 0.1 M HCl in the absence and presence of
different concentrations of streptoquine at different temperatures

It is noted that the values of activation energy is  of (AH/2.303R) and intercepts of (log R/ Nh
higher in the presence of drugs than in their absence  +AS’/2.303R)
indicating that inhibitors exhibit low m% at elevated
temperatures [37] and also, due to the film formation on
copper surface. An alternative formulation of the
Arrhenius equation is the transition state equation [38]:

icor = RT/Nh exp(AS’/R)exp(-AH"/RT) (4)

where h is Planck’s constant, N is Avogadro’s
number, AS” is the entropy of activation and AH" is the
enthalpy of activation. Figures )5&6) show a plot of log
(isor/T) vs. (1/T). Straight lines were obtained with slopes
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Table 5 . Kinetic-thermodynamic corrosion parameters for copper corrosion in the absence
and presence of various concentrations of streptoquin and septazole

Inhibitors Conc. E. -AH" kJ -AS
ppm kJ mol! mol” Jmol K
Blank 9.40 19.1 226.3
100 23.4 22.1 209.7
] 300 24.7 239 205.5
Streptoquin
500 251 24.7 203.6
700 25.3 25.7 201.7
900 25.7 26.6 200.4
100 37.9 22.9 192.4
300 38.3 249 190.5
Septazole 500 39.1 26.8 188.6
700 40.2 28.7 186.7
900 40.8 30.6 184.7

The values of AH" and AS™ were calculated and
listed in Table (5). The negative values of AH" reflect that
the process of corrosion is an exothermic one. The
negative values of AS" implies that the activation
complex is the rate determining step that represents an
association rather than dissociation step [39]. This
means that the activated molecules are in higher order
state than that the initial state.

c) Adsorption Isotherm

In order to get a better understanding of the
electrochemical process on the metal surface,
adsorption was studied. For determining the related
mechanism, adsorption isotherms were drawn. A
number of mathematical relationships for the adsorption
isotherms have been suggested to fit the experimental
data of the present work. The simplest equation is that
due to [40] Langmuir which is given by the general
relation:

C/O = 1/Kyye + C 5)

where K, is the equilibrium constant for the
adsorption/desorption process, C is the inhibitor
concentration in the bulk of the solution in mol L. From
the intercepts of the straight lines on the C/© axis, one
can calculate K,4 values that relate the standard free
energy of adsorption, (AGgs), as given by this Eq. [41]:

Kags=1/55.5 exp (-AG ) / RT (6)

The value of 55.5 is the concentration of water
in the bulk solution in mol L. Free energyAG® .,
values were calculated and are given in Table (6), the
negative values of AG°,, indicate spontaneous
adsorption of inhibitors on copper surface [42].
Generally, values of AG°y up to -20 kJ mol” are
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consistent with physisorption, while those around -40 kJ
mol™ or higher are associated with chemisorptions as a
result of the sharing or transfer of electrons from inhibitor
molecules to the metal surface to form co-ordinate bond
[43]. the calculated AG°,y values are 22-36 kJ mol”
indicating that the adsorption mechanism of septazole
and streptoquin in 0.1 M HCI solution at the studied
temperatures is mixed one (physisorption and
chemisorption). Figs. (7&8) show that the plot of C/0 vs.
C for streptoquin and septazole are linear plots which
obtained for the different temperatures and inhibitors,
indicating that the adsorption of these compounds
followed Langmuir adsorption isotherms. The various
adsorption parameters obtained from this isotherm are
listed in Table (6).
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Figure 7 The linear form of Langmuir adsorption isotherm of streptoquine on copper surface in 0.1 M HCI solution
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Figure 8 : The linear form of Langmuir adsorption isotherm of septazole on copper surface in 0.1 M HCI solution

Thermodynamic adsorption parameters such as
enthalpy of adsorptionAH 4 and entropy of adsorption
AS i can be deduced from integrated version of the

Vant't Hoff equation expressed by [44]:
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Table 6 . Thermodynamic parameters for the adsorption of streptoquine and septazole on copper in 0.1 M HCI at
different temperature

_4 _ o _ o o
Inhibitors Ter;p" Kad;v’lffo kfag;z kf:g;_a A,
J mol’ K

298 0.72 30.7

308 0.53 28.1
Streptoquin 31.2 107.6

318 0.30 23.4

328 0.25 21.9

298 1.44 36.4

308 1.1 34.3 45.0 147.6
Septazole

318 0.36 24.9

328 0.35 24.4

INKags= (-AH ,4o/RT) + (AS ,ee/R) +In(1/55.5) (7)

Figure 9 shows the plot of In K4 Vs. 1/T which
gives straight lines with slopes (-AH,./2.303R) and

intercepts [(AS,4/2.303R) + In (1/55.5)]. Calculated
values of AH i, and AS',,, using the Van't Hoff equation
are listed in Table 6.
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7 —e— Septazole.
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T
3.20
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Figure 9 :1Log K,gs VS. (1/T) curves for the corrosion of copper in 0.1 M HCI in the absence and presence
of different concentrations of septazole and streptoquine at different temperatures

Negative sign of AH",, indicates that the
adsorption of septazole and streptoquine on copper
surface is an exothermic process. AH° .4 is about 31.2-
45 kJ mol™ which is larger than the common physical
adsorption heat (40 kJ mol™), but smaller than the
common chemical adsorption heat (100 kJ mol™) [45],
probably meaning that both physical and chemical
adsorption take place (i.e. comprehensive adsorption).
The negative AS°, values are accompanied with

2014 Global Journals Inc. (US)

exothermic adsorption process. This is agrees with the
expected, when the adsorption is an exothermic
process, it must be accompanied by a decrease in the
entropy change and vice versa [46].

d) Electrochemical Impedance Spectroscopy
Electrochemical impedance is a powerful tool in

the investigation of the corrosion and adsorption

phenomena [47] . The correlation of the experimental



impedance plot to an equivalent circuit enables the
verification of the mechanistic model for the system.
Such a correlation leads to the calculation of the
numerical values corresponding to physical and/or
chemical properties of the electrochemical system [48,
49]The impedance data of Cu, recorded after 30 min
immersion in 0.1 M HCI are presented as Nyquist and
Bode plots in presence and absence of various
concentrations of streptoquin and septazole are shown
in Figures (10&11), respectively. The Nyquist plots show

150

100

, ohm cm?

ZI
mag
g

a single semi-circle shifted along the real impedance (Z)
axis, single capacitive loop, which is attributed to charge
transfer of the corrosion process, and the diameters of
the loops increase with the increase in the concentration
of the drugs. The Bode plots show resistive region at
high frequencies and capacitive region at intermediate
frequencies but do not show a clear resistive region
(horizontal line and a phase angle = 0) at low
frequencies. These plots show two overlapped phase
maxima at intermediate and low frequencies.
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Figure 70 : The Nyquist (a) and Bode (b) plots for corrosion of copper in 0.1 M HCl in the absence
and presence of different concentrations of streptoquin
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Figure 77 : The Nyquist (a) and Bode (b) plots for corrosion of copper in 0.1 M HCI in the absence
and presence of different concentrations of septazole

The impedance data of the copper electrode in
the presence of different inhibitors concentrations were
analyzed using the equivalent circuit shown in Figure 12.
This circuit includes constant phase elements (CPE) in
place of capacitors to represent various types of non
homogeneities typical of corroding electrodes such as
surface  roughness, insufficient  polishing, grain
boundaries and surface impurities [50]. The impedance
of this element is frequency dependent, and can be
mathematically expressed using two parameters, Y, and
nas:

© 2014 Global Journals Inc. (US)

Zope = Yo' (o) ™ 8)

where Y, is the CPE coefficient, o the angular
frequency (o = 2tf , where T is the AC fr According to
the value of n, Eqg. (8) accounts for an inductance
(n = -1), a resistance (n = 0), a Warburg impedance
(n = 0.5) or a capacitance (n = 1). A Warburg element



occurs when charge carriers diffuse through a material.
A rough or porous surface can cause a double layer
capacitance to appear as a constant phase element
with n varying between 0.5 and 1. This circuit is typical of
oxide-coated metals and has been used before by other
authors in relation to copper corrosion in potable water
[51]. R, represents the solution resistance between the
electrode surface and the tip of the Luggin capillary,
Zepeo @ constant related to the surface oxide, R, the
resistance to current flow through defects in the surface
oxide, Zgpeg @ constant related to the double layer and
Ry the double layer resistance. From these Nyquist
plots, the difference in real impedance at lower and
higher frequencies is generally considered as charge-
transfer resistance. The resistances between the metal
and outer Helmholtz plane (OHP) must be equal to the
R,.. The adsorption of inhibitor molecules on the metal
surface decreases its electrical capacity because they
displace the water molecules and other ions originally
adsorbed on the metal surface. This modification results
in an increase of charge-transfer resistance. The A,
values increased with inhibitors concentrations may
suggest the formation of a protective layer on the
copper surface. This layer makes a barrier for mass and
charge-transfer. The values of the charge-transfer
resistance (R, were obtained from the difference in real
component (2)) of impedance at lower frequencies. Also
the double layer capacitances (C,) were calculated by
the Eq. (9) [31].

Cd\ = (27Tfma><|:¥ct)71 (9)

where f.,, is the frequency value at which the
imaginary component (Z”) of impedance is maximum.
The calculated values of R, and C, are listed in Tables
(7). The data obtained from fitted spectra are listed in
Table 7.The degree of surface coverage (0) and %n
were calculated from the EIS data using following
equation:

%n = 0x 100 = [1-(R,/R)] x 100 (10)

where R, and R,are the charge-transfer
resistances with and without the inhibitors, respectively.
0 and n are also listed in Table 7, and also show that the
R, values are very small compared to the R, values. By
increasing the inhibitor concentrations, the R, values
increase and the calculated Cg values decrease, which
causes an increase of 6 and n%, the R are obtained by
septazole at all concentrations is higher than that
obtained by streptoquin. The order of the IE obtained
from the R, values is: septazole > streptoquin.

As it can be seen from Tables 7, the C,, values
tend to decrease with the increase of the concentration
of the surfactants in 0.1 M HCI solution. The decrease in
the Cg, which can result from a decrease in local
dielectric constant and/or an increase in the thickness of
the electrical double layer, suggests that surfactants
molecules function by adsorption at the metal/solution

interface. The inhibition efficiencies calculated from
impedance data are closed to those obtained from
potentiodynamic polarization measurements. The results
show the good agreement between measurements
obtained from both techniques.

ZcPEo
1
R
'\f\ﬁ/‘-
R, ZCPEdI
—NAN—rrA}—F}C

R g
AN W

Figure 12 : Equivalent circuit proposed to fit the
experimental data when two time constants are present

lable 7 Electrochemical kinetic parameters obtained
by EIS technique for copper in 0.1 M HCI in the absence
and presence of different concentrations of streptoquin
and septazole

Conc Ro Ca
Comp. "| ohm |uFcm?2| © n%
ppm om?
Blank 172.7 2640 - -
100 193.4 1079 | 0.107 | 10.7
Streptoquin ™300 | 246.4 | 1013 | 0299 | 29.9
500 268.0 633 0.359 | 359
700 269.4 520 0.366 | 36.6
100 | 3041 | 1980 | 0.432 | 43.2
300 | 418.8 | 1910 | 0.588 | 58.8
Septazole
500 447 .4 1590 0.614 | 61.4
700 491.9 1560 | 0.649 | 64.9
e) Electrochemical Frequency Modulation (EFM)
Electrochemical frequency modulation (EFM)
technique is a new tool for monitoring the
electrochemical corrosion. EFM is non-destructive

technique, rapid test, gives directly values of the
corrosion current without a prior knowledge of Tafel
constants and has also great strength due to the
causality factor, which serve as an internal check on the
validity of the EFM measurements Table 8 shows the
corrosion kinetic parameters such as inhibition efficiency
(Egey %), corrosion current density (u Acm?®), Tafel
constants (B, & B.) and causality factors (CF-2, CF-3) at
different concentrations of drugs at 25°C. Figures 13-15
represent the EFM intermodulation spectra of copper in

0.1 M HCI devoid of and containing 500 ppm
concentrations  of  streptoquin  and  septazole,
respectively. The inhibition efficiency, Egu% of

streptoquin and septazole was calculated using eq. (1).
As can be seen from Table 8, the corrosion current
densities decrease with increase in streptoquin and
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septazole concentrations. The causality factors indicate
that the measured data are of good quality. If the
causality factors differ significantly from the theoretical
values of 2.0 and 3.0 then it can be deduced that the
measurements are influenced by noise. If the causality
factors are approximately the predicted values of 2.0

1.000 mA,

1000 us

10.00 us

current (&)

1.000 us,

1000 nA
0.000 Hz S00.0 mHz

and 3.0, there is a causal relationship between the
perturbation signal and the response signal. Then the
data are assumed to be reliable [32]. The calculated
inhibition efficiency Egy % enhances with increasing
streptoquin and septazole concentration.

- Blank

1.000 Hz 1.500 Hz

Fregquency (HZ)

Figure 13 : Intermodulation spectra recorded for copper electrode in 0.1 M HCI solutions

1.000 mA

100.0 uA

10.00 uA

Currert (&)

1.000 uA

100.0 nA
0.000 Hz 500.0 mHz

-+ 500ppm

1.000 Hz 1.500 Hz

Frequency (Hz)

Figure 14 : Intermodulation spectra recorded for copper electrode in 0.1 M HCI solutions in the absence and
presence 500 ppm of streptoquin
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Figure 15  Intermodulation spectra recorded for copper electrode in 0.1 M HCI solutions in the
presence 500 ppm of septazole

Table 8 : Electrochemical kinetic parameters obtained from EFM technique for copper in 0.1 M HCI in the absence
and presence of different concentrations of streptoquin and septazole

Comp. Conc. i CR
P ppm pAccO;r;n‘2 mvgiac“ mvgiac“ Eeru?% mpy CF-2 CF-3
Blank 135.00 40 57 | - 34.66 1.828 3.845
100 134.30 42 61 0.52 33.98 2.093 3.361
Streptoquin 300 122.30 37 50 9.4 32.00 1.997 3.781
500 95.68 37 55 29.13 25.03 2.167 3.250
700 77.35 28 39 42.70 20.23 1.908 3.938
100 77.34 40 65 42.70 20.23 1.976 3.843
300 57.55 36 59 57.40 12.64 2.001 3.644
Septazole
500 49.88 41 67 63.10 13.05 1.942 3.130
700 48.31 45 81 64.21 15.05 2.062 3.308

7 Quantum Chemical Calculation

Over the past decades the semi empirical
molecular orbital methods have been widely used in
computational studies. Semi empirical methods serve
as efficient computational tools which can yield fast
quantitative estimates for a number of properties [52].
MNDO (modified neglect of differential overlap) is a
semiempirical methods based on the NDDO (neglect of
diatomic  differential overlap) approximation. The
quantum chemical calculations were employed to give
further insight into the mechanism of inhibition action of
streptoquin and septazole. For this purpose the highest
occupied molecular orbital E, oo, energy of the lowest
unoccupied molecular orbital (E yvo), €nergy gap (AE)
between LUMO and HOMO and Mulliken charges on
charge we can observe the presence of excess of
negative charge on nitrogen, oxygen and sulfur atoms
can be adsorbed on the copper surface using these
active centres leading to the corrosion inhibition action.

The calculated parameters such as E,oyo, Elumo @nd the
dipole moment (u) of the two inhibitors were shown in
Table 9, the dipole moment (u) is an indicator of the
electronic distribution in a 1molecule and is one of the
properties used to discuss and to rationalize the
structure. Low value of the dipole moment (u) will favour
the accumulation of inhibitor molecules on the metallic
surface. The comparison between the calculated dipole
moments of inhibitors reveals that the lower septazole
has better inhibition efficiency. E,ouo Often indicates the
electron donating ability of the molecule and the
inhibition efficiency increases with increasing Eyomo
values. High E,quo values indicate that the molecule has
a tendency to donate electrons to appropriate acceptor
molecules with low energy empty molecular orbitals.
Increasing of the values of the Ego facilitates
adsorption (and therefore inhibition) by influencing on
the transport process through the adsorbed layer.
HOMO and LUMO electronic density distribution of
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STREPTOQUIN AND SEPTAZOLE: ANTIBIOTIC DRUGS AS CORROSION INHIBITORS FOR COPPER IN AQUEOUS
SOLUTIONS

streptoquin and septazole were plotted in Figure 15.
There is a general consensus by several authors that the
more negatively charged heteroatom, the more it can be
adsorbed on the metal surface through donor-acceptor
type reaction [53]. From the values of Mulliken charge
we can observe the presence of excess of negative
charge on nitrogen, oxygen and sulphur atoms can be
adsorbed on the copper surface using these active
centres leading to the corrosion inhibition action. Table 9
shows the quantum chemical calculation parameters

(Eromo, Etumor AE= (ELumo - Eromo), dipole moment (u),
heat of formation and ionization potential) for
streptoquin and septazole. From these tables the less
negative E,ono and the smaller AE reflect a great
inhibition efficiency of the inhibitors [54]. From the
energy of highest occupied molecular orbital (Epomo),
the order of inhibiting efficiency is as follow: septazole >
streptoquin. This is a good agreement with the
experimental data obtained by potentiodynamic
polarization, EIS and EFM techniques.

Streptoquin

HOMO

LUMO

Septazole

Mliken charge

-k 0031

h

Figure 15 - Molecular orbital plots and Mulliken charge of streptoquin and septazole using MNDO

Table 9 : The calculated quantum chemical parameters
of streptoquin and septazole

Parameters streptoquin Septazole
Eviomo (8V) -9.27 -9.19
ELuvo (€V) -0.71 -0.94

AE(ev) 8.56 8.25
D"ZJC;"? drggg‘;m 6.23 4.44
Surface area A? 252.88 263.80

© 2014 Global Journals Inc. (US)

IV.  CONCLUSIONS

The corrosion resistance of copper increases
with the increasing concentration of streptoquin and
septazole and decreases with increasing temperature
indicating that the inhibition occurs through mainly
physical adsorption of the investigated drugs on copper
surface. These drugs act as mixed-type inhibitors,
suppressing the corrosion reactions by forming a
protective adsorption film on copper surface. Adsorption



of these inhibitors on copper surface obeys Langmuir
isotherm. The increase in concentration of the
investigated drugs leads to increase in the values of the
charge transfer resistance (Ry) and a decrease in the
values of double layer capacitance (Cg). The results
obtained using these different techniques were in good
agreement verifying the validity of data obtained by
these techniques. Comparison of quantum chemical
calculations and experimental data exhibit good
correlation confirming the reliability of the methods
employed here.
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Experimental Determination of Bubble Size in
Solution of Surfactants of the Bubble Column

Maedeh Asari * & Faramarz Hormozi °

Absiract- This paper focuses on the effect of surfactants on
the bubble size. Bubble size in SDS/water system were
investigated at various superficial gas velocities (0.13, 0.26
and 0.5 cm/s). On the other hands, Bubble diameter were
determined for different values of SDS surfactant
concentration. Surfactant concentration in water were 0.05,
0.02 and 0.1 vol.%. Tap water and aqueous solutions with
surfactants (anionic, non-ionic and zwitterionic) are used as
liquid phases. The bubbles size in this phase is determined at
C; =0.05%vol and u,=0.13cm/s. The bubbles are generated
into a small-scale bubble column making of Plexiglas with
height of 1.2m. High speed photography techniques are used
to measure the bubble size. The experimental results were
shown that bubble diameter in SDS/water system is larger
than other systems. In solution of SDS, Sauter mean bubble
diameter (Location A and D) decreases when superficial gas
velocity increased.

Keywords. bubble column, surfactant, bubble size.

L. INTRODUCTION

ubble column reactors are widely used
3in chemical and biochemical processes

such as oxidation, chlorination, polymerization,
hydrogenation, synthetic fuels by gas conversion
processes, fermentation and wastewater treatment.
Bubble columns can be employed in many mass
transfer processes[3].However, the lack of a more
complete knowledge on the bubble column fluid
dynamic behavior in its various regimes causes several
operational difficulties and design uncertainties, which
include poor predictions of the mean bubble diameter,
gas hold up and interfacial area[2, 14]. A bubble column
reactor is basically a cylindrical vessel with a gas
distributor at the bottom [12]. The interfacial area
available for mass transfer is the most important design
parameter defined by gas holdup and bubble size which
in turn are affected by the operating conditions, the
physic-chemical properties of the two phases, the gas
sparger type and the column geometry [5]. Bubble
column are preferred to be two-phase contactors for
their ease of operation, maintenance and absence of
moving parts, yet they have complex hydrodynamics
characteristics  [21]. Knut [13] studied dynamic
simulation of 2D bubble column and shown that
two dimensional dynamic simulation of the flat bubble

Author o Facully of Engineering- Dempartment of Chemical
Engineering, Islamic Azad University, Shahrood Branch, Shahrooqd,
Iran. e-mail: maedeh_asari@yahoo.com

Author o: Faculty of Chemical, Gas and Pelroleumm Engineering,
Semnan University, Semnan, Iran. e-mail: fhormozi@semnan.ac.ir.

column is feasible, applying state-of the art dynamic
turbulence models. Surfactant designates a substance
that exhibits some superficial or interfacial activity.
Different methods have been employed for bubble
dimension evaluation [9]. Gas bubbles in transparent
fluids can be photographed and measured, usually
using image-analysis [16]. This is the simplest technique
but cannot be used with opaque media 2 such as those
found in fermentation systems. Statistical models [6] are
required to calculate bubble —size distributions from the
measured chord lengths. Several authors studied
bubble size and interfacial phenomena in different types
of bubble column reactors. Colella et al.[7] studied the
interfacial mechanisms focusing on the coalescence
and breakage phenomena of bubbles in three different
bubble columns. They investigated the influences of gas
superficial  velocity and different  hydrodynamic
configurations on bubble size distribution in the bubble
columns. Lehr and Mewes [15] evaluated the bubble
sizes in two-phase flows. They predicted the bubble size
distribution in bubble columns including the formation of
large bubbles at high superficial gas velocities. Schafer
et al. [20] discussed the influence of operating
conditions and physical properties of gas and liquid
phase on initial and stable bubble sizes in a bubble
column reactor under industrial conditions. Akita and
Yoshida [1] determined the bubble size distribution
using a photographic technique. The gas was sparged
through perforated plates and single-orifice using
various liquids (water, aqueous and pure glycol,
methanol, and carbon tetrachloride). It has been
reported in the literature [11] that with increase in
surfactant concentration, coalescence time increases.
Sardeing et al. [19] reported that in superficial gas
velocities between 1.5x10%2x10* m/s, bubble
diameter was in surfactant solutions between 1mm-
8mm. In these studies we have also analysed the
influence of SDS surfactant concentration and the gas
flow-rate upon the bubble diameter in bubble column.
On the other hand, the bubble size distribution has been
studied in ionic, nonionic and zwitterionic surfactants on
the bubble column.

II.  EXPERIMENTAL SETUP AND TECHNIQUE

The schematic diagram of the modified bubble
column is shown in Fig.1. It consists of an air
compressor, (1), a rotameter, (2), an halegon lamp, (3),
etc. Four different surfactant (Tween20, [CAS
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N0:9005-64-5], Triton X 100, [CAS N0:9002-93-1],
Cocoamidopropy Betaine, [CAS No0:61789-40-0], SDS,
[CAS No0:151-21-3]) have been used in the present
work. All of surfactants were purchased from Merck
company (Germany). Bubble size is reported at ambient
conditions [ atmospheric pressure 25 (+ 0.5)°C]. The gas
from the compressed air line passed through calibrated
rotameter. The photographic method, used in this study
to determine the bubble size of the two-phase mixture,
has been developed using a rectangular bubble column
(20cmx 5cmx  120cm). The liquid column heights
during the operation were 45cm. To determine profiles
of ellipsoid, bubble was monitored over distance ca. 1Tm
and was using professional video recorder. The
photographs were taken by a digital camera (Casio
Exilim (EX-F1)) taken along the height of the column,
from bottom to top. The digital photographs were
processed and enhanced by using Image Processing
MATLAB Software that enabled to distinguish clearly the
bubble boundaries. The diameters of the bubbles were
determined from photographs of the operating column,
5, 20, 30 and 40 cm above the gas distributor. The
images were taken at three axial positions for different
operating conditions. The 2d picture shapes of the
bubbles were approximated by ellipsoid [17, 18] whose
maximum and minimum axes were automatically
computed by the software program used for image
analysis. The third dimension was calculated with the

s

(U]

assumption that the bubbles are symmetric around the
minimum axes. From the known values of maximum and
minimum axes, an equivalent ellipsoid bubble diameter
was calculated by the following equation [8]:

dbe = \3/ dzb, maxdb, min (1 )

Where @, . and d, ., are the maximum and
minimum bubble diameter of bubble. The distributions
were obtained by sorting the equivalent diameters of
bubbles into different uniform classes. At a particular
operating condition, the bubble picture taken from
different locations of the column are shown in
Fig. 2. The Sauter mean bubble diameter (d) is
defined as the volume-to-surface mean bubble
diameter [4]:

3 nd}

— I;l
Znidéi
i=1

the number

d

VS

of bubbles of

Where n, is
diameter dj;

Between 1000 and 3000 bubbles were counted
for determination of the size distribution, using 30
photographs.

Fig. 7 : Gas-liquid experimental set-up. (1): Air compressor;(2). Rotameter; (3): Halogen lamp; (4): Plexiglas plate;
(5): Bubble column; (6): Camera; (7): Image processing

I11. BUBBLE Si1zE DISTRIBUTION

Bubble coalescence and breakup play a
significant role in determining bubble size distribution.
Coalescence was found to take place when more than
about a half of the projected area of the following
bubble was overlapped with that of the leading bubble
at the critical distance. In contrast, the breakup occurred
in the case the overlapping was less than about a half of
the projected area of the following bubble. Thus, when
the leading bubble is larger than the following one, the
latter has a tendency to coalesce. In contrast, in the
case of the smaller size of the leading bubble, the
following bubble tends to breakup. Coalescence is
significantly influenced by the physical properties of the

2014 Global Journals Inc. (US)

liquid. Analysis of bubble size in bubble columns must
distinguish between bubble-size distribution just after
bubble formation at the sparger and size distribution
further away from the distributor [17]. Two basic
methods — photography and probe techniques — exist
for determining bubble size, however; they do not lead
to identical results. Both methods are subject to certain
limitations in view of the marked bubble selection that
may occur (i.e., not all bubble sizes can be detected). In
particular, any measurement method only leads to
realistic results if the flow is homogeneous (i.e., a narrow
bubble-size distribution is found). As yet, no method can
be recommended for the measurement of large bubbles
in the heterogeneous flow regime.



EXPERIMENTAL DETERMINATION OF BUBBLE SIZE IN SOLUTION OF SURFACTANTS OF THE BUBBLE COLUMN

Iv. RESULTS AND DISCUSSION

a) Effect of superficial gas velocity upon bubble size in
SDS +water systern
First, there is general observation that applies to
all solutions. For example, regardless of type and
presence of chemical added, the average bubble radius
decreases as gas flow rate. Fig. 3 show bubble size
distribution for SDS-water system in regions A and D. As
the gas flow rate increases the gas holdup and kinetic
energy increases which increase turbulent intensity,
bubble- bubble interactions, velocity of bubbles and the
probability of coalescence which is because of as
increasing collision frequency between bubbles with
increase in gas flow rate.

Fig 2 Photograph taken from different location of
column in Tween20/water system at C,=0.05%vol

The probability of coalescence is higher in
region D but the bubble size decreases with increasing
superficial gas velocity in A and D location. This is due
to bubble break- up with increasing gas flow rate. Also
as the superficial gas velocity increases, the Sauter
mean bubble diameter decreases (Fig. 4). For v, greater
than 0.13 cm/s smallest bubbles are obtained in solution
of lowest static surface tension. The rate of coalescence
decreases with the gas flow rate increasing.
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Fig 3 Effect of gas flow rate upon bubble size in
SDS/water system at C,=0.02%vol. (a) Location A; (b)

and ¢,=0.13cm/s Location A, B, Cand D Location D
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Fig 4 Influence of gas flow rate upon Sauter mean bubble diameter in SDS/water system at C,=0.02%vol
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b) Effect of SDS concentration upon bubble size

One of the parameters that effect bubble size, is
surfactant concentration. Effect of various SDS
concentrations (0.02, 0.05 and 0.1%vol) at u,=0.13cm/s
on bubbles diameter is shown in Figure 5. SDS addition
to pour water decreased the bubbles diameter. Further,
surfactant concentration enhancement decreased the of
bubbles diameters by decreasing the surface tension
and buoyancy force. Sardeing et al. [19] used various
surfactants and investigated that bubbles diameter
decreased about 30% (as an average value). The
bubble size distribution in an emulsification processes is

a result of the competition between opposite processes,
bubble breakage and bubble-bubble coalescence. It
was shown experimentally that the bubble size rapidly
decreases with an increase of SDS concentration [10].
Sample photographs of the bubble populations shown
in Fig. 6. They clearly showed that as the SDS
concentration increases, the bubble populations will
become smaller in size. Sauter mean bubble diameter
(d,) decreases due to SDS concentration increasing
(Fig.7).
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Fig 5 . Influence of SDS concentration upon bubble diameter at ¢,=0.13cm/s; (a) Location A. (b) Location D 6

(@)

Fig 6 . Example of photograph of bubbles at ¢,=0.13cm/s for SDS/water system; (a) C;=0.02%vol; (o)
Cs= 0.05%val; (c) Cy= 0.1%vol
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c) Effect of jonic, non-ionic and zwitterionic surfactants
on bubble size

Presence of surfactants has a great effect on
the bubble diameters. The bubble size distribution was
obtained in four axial locations A (of height 0.05 m), B
(of height 0.2 m), C (of height 0.3m) and D (of height
0.4m) from the bottom of the column (Fig. 2). Typical
results for these four locations are presented in Fig. 8. It
is seen that the bubble size in location D are greater
than location A , B and C ( Fig. 2). The average bubble
size in location C and B are almost the same. All
calculations regarding goodness of fit have been
performed by MATLAB software. Bubble diameter

increased with increasing the distance from the bottom
of the column due to the coalescence of smaller
bubbles. The coalescence bubbles of location A go up
due to their buoyancy and accumulate in location B, C
and D. Also the bubble number flux varies in different
locations due to the same reason. That bubble number
flux decreases in location C and D over location A and B
is result of an increase in bubble size due to
coalescence. As shown in Fig. 8, there is no significant
variation of bubble size in location B and C. The bubble
size in location A is much smaller than other locations
due to a break- up.
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Fig 8. Shows the relation between the detached
bubble diameter and fraction of bubbles for the different
surfactants. whatever the liquid properties are, the
bubble diameters vary between 0.2 and 0.8 for
Uy~ 0.13cm/s (d<0.2cm, effective force is surface
tension and bubbles are spherical). For this gas flow
rate, the order below is observed:

d sps > d getaine = d Triton x-100 > 0 Tween20

Sauter mean bubble diameter was investigated
in four different axial positions (A, B, C and D). Typical

profile of @, as a function of height above sparger are
show in Fig. 9. The sauter mean bubble diameter varies
with axial location due to coalescence effect whereas
the variation of gas holdup is due to variation of bubble
number flux. The values of g, obtained in the range of
0.4-0.65. Increasing in height increases d, at all type of
surfactants. The value of d,, in SDS + water system is
more than other systems.
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Fig 9 : Sauter mean bubble diameter as a function of distance from gas sparger
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Iv. CONCLUSION

Effect of surfactant on the bubble size in
rectangular bubble column has been studied. In order to
obtain bubble size distribution about 1000-3000 bubbles
were analyzed. The evaluation of bubble size distribution
in different location of the column and the influence gas
flow rate and SDS concentration were pointed out. The
measurements were done using photographic
techniques. The bubble size in bubble column increased
with increasing distance from the bottom of the column
due to coalescence. The bubble diameter in SDS+
water system were bigger than other system. When gas
flow rate increase (SDS +water system), an increase in
the number of small bubbles was also observed, and
Sauter mean bubble diameter also decreased due to
breakage bubbles. The Sauter mean bubble diameter
decreases, when SDS concentration increasing.

V.  NOMENCLATURE

Osmax  Major axis of the projected ellipsoid(m) 9
Oy min minor axis of the projected ellipsoid(m)
s sautor mean diameter bubble(m)

Uy superficial gas velocity (m/s)

h distance from gas distributor(m)

d diameter(m)

C, surfactant concentration
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In case of “Difference of Opinion [if any]” among the Board members, our decision will be final and
binding to everyone. Z
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PROCESS OF SUBMISSION OF RESEARCH PAPER

The Area or field of specialization may or may not be of any category as mentioned in
‘Scope of Journal’ menu of the Globallournals.org website. There are 37 Research
Journal categorized with Six parental Journals GJCST, GIMR, GJRE, GJMBR, GISFR,
GJHSS. For Authors should prefer the mentioned categories. There are three widely
used systems UDC, DDC and LCC. The details are available as ‘Knowledge Abstract’ at
Home page. The major advantage of this coding is that, the research work will be
exposed to and shared with all over the world as we are being abstracted and indexed
worldwide.

The paper should be in proper format. The format can be downloaded from first page of
‘Author Guideline’” Menu. The Author is expected to follow the general rules as
mentioned in this menu. The paper should be written in MS-Word Format
(*.DOC,*.DOCX).

The Author can submit the paper either online or offline. The authors should prefer
online submission.Online Submission: There are three ways to submit your paper:

(A) (1) First, register yourself using top right corner of Home page then Login. If you
are already registered, then login using your username and password.

(1) Choose corresponding Journal.
() Click ‘Submit Manuscript’. Fill required information and Upload the paper.

(B) If you are using Internet Explorer, then Direct Submission through Homepage is
also available.

(C) If these two are not conveninet , and then email the paper directly to
dean@globaljournals.org.

Offline Submission: Author can send the typed form of paper by Post. However, online
submission should be preferred.
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PREFERRED AUTHOR GUIDELINES

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

e  Font type of all text should be Swis 721 Lt BT.

e  Paper Title should be of Font Size 24 with one Column section.

e Author Name in Font Size of 11 with one column as of Title.

e  Abstract Font size of 9 Bold, “Abstract” word in Italic Bold.

e Main Text: Font size 10 with justified two columns section

e  Two Column with Equal Column with of 3.38 and Gaping of .2

e  First Character must be three lines Drop capped.

e  Paragraph before Spacing of 1 pt and After of O pt.

e Line Spacing of 1 pt

e large Images must be in One Column

e Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10.
e Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10.

You can use your own standard format also.
Author Guidelines:

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

5. Structure and Format of Manuscript,
6. After Acceptance.

1. GENERAL

Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial,
while peer reviewer justify your paper for publication.

Scope

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology,
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization.
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will
not be accepted unless they have wider potential or consequences.

2. ETHICAL GUIDELINES
Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities.

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals
Inc. (US).

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings.
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before
submission

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According
to the Global Academy of R&D authorship, criteria must be based on:

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings.
2) Drafting the paper and revising it critically regarding important academic content.
3) Final approval of the version of the paper to be published.

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors
who do not match the criteria as authors may be mentioned under Acknowledgement.

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along
with address.

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere.

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this
paper.

Please mention proper reference and appropriate acknowledgements wherever expected.

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the
author's responsibility to take these in writing.

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved.

3. SUBMISSION OF MANUSCRIPTS

Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below.

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author,
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the
instructions.

. © Copyright by Global Journals Inc.(US)| Guidelines Handbook



To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments.

Complete support for both authors and co-author is provided.

4. MANUSCRIPT’S CATEGORY

Based on potential and nature, the manuscript can be categorized under the following heads:
Original research paper: Such papers are reports of high-level significant original research work.
Review papers: These are concise, significant but helpful and decisive topics for young researchers.
Research articles: These are handled with small investigation and applications

Research letters: The letters are small and concise comments on previously published matters.

5.STRUCTURE AND FORMAT OF MANUSCRIPT

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as
follows:

Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and
comprise:

(a)Title should be relevant and commensurate with the theme of the paper.

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions.

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus.

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared.

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition;
sources of information must be given and numerical methods must be specified by reference, unless non-standard.

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to
have adequate numerical treatments of the data will be returned un-refereed;

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing.
(h) Brief Acknowledgements.
(i) References in the proper form.

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial
correction.
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness.
It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed
by the conventional abbreviation in parentheses.

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

Structure
All manuscripts submitted to Global Journals Inc. (US), ought to include:

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces),
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible
keywords and phrases to try.

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

e It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most
databases, the keywords under which a research paper is abstracted are listed with the paper.

e  One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.
Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .

You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.
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12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with

records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29. Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
e Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.
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Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.
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Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

Reason of the study - theory, overall issue, purpose
®  Fundamental goal
®  To the point depiction of the research

®  Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e Significant conclusions or questions that track from the research(es)

Approach:
®  Single section, and succinct
® Asaoutline of job done, it is always written in past tense
® A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
®  Center on shortening results - bound background information to a verdict or two, if completely necessary
e  What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

Explain the value (significance) of the study

e  Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.
®  Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

e  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.
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®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

e  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:

®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.

e If use of a definite type of tools.

®  Materials may be reported in a part section or else they may be recognized along with your measures.
Methods:

®  Report the method (not particulars of each process that engaged the same methodology)

®  Describe the method entirely

®  To be succinct, present methods under headings dedicated to specific dealings or groups of measures

e  Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

e |f well known procedures were used, account the procedure by name, possibly with reference, and that's all.
Approach:

® |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

®  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
® leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

e  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

®  Never confuse figures with tables - there is a difference.
Approach

e Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e  Putfigures and tables, appropriately numbered, in order at the end of the report

¢ |f you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables

¢ |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts

®  Despite of position, each figure must be numbered one after the other and complete with subtitle
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e  Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable.  The implication of  result  should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

®  You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.

®  Give details all of your remarks as much as possible, focus on mechanisms.

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto present substitute explanations if sensible alternatives be present.

®  One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?

e  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
= Submit to generally acknowledged facts and main beliefs in present tense.
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THE ADMINISTRATION RULES

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.

. The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

e Do not give permission to anyone else to "PROOFREAD" your manuscript.

®  Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)
®  To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXIII

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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