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I, Itrmiusiion

Saily o owae of 1he meren needed oo fegredicess, bah for Buman reed s
ared for the indusary. Salt costides sodiu chlorde [NeCT). wissr com-
pounds, FapnesiEn o, cadom o, ad =ilfaie joes [ 1] The need foe
s shecaphioul she world froem vear o year i sceeesed abeg wish the
Incrcnse |m pegadivion med ndesrlnd deselopmen | 7. This neod for alm
al sl & an oppomasiy and challenge Soo researchers oGy ol vanoee
rechaningleal inrovanings b improse @e gualiey of sl prodacdon 1]

Vieeraoiis methoats o makieg salr hive boen canried oul o B erese the
ennbard of netrres chlnede (Ma3) [1]- The st widely appkod se thod
sodday 18 drving usirg dived sclar svaporation [5 0], Heowever, this
drymy methed haes many limiatons [7, 21, =ach as the drying e being
wery lomg |9, the sesalting prodect sometines Soo ol low guadity
mel stmndeds | L0]. B to swecass the peodaction and gundily cf vl
are Righly depemdeni on e predoctinon metkesds and sechrsdogy teed
111, 121, Technical (oo that affea salt production neocrding fo Hauf

* Dorrespording oo,
¥ Comeponding uehor,

etal, | 0], e lnde e meoiersals for serwater, dryieg prooeses, wemther
voaillciens, evaporstion oomminers, ad meshiads of collecing saln

Tmdldnaly, sl B made By Insemisg hisvem dseivmmter] o an
evaporation vesel o prodece sl crysals [Plguee 1) [14]. The prowss 1s
carmed outby mokmg glotzol lind in sage, so thai seawaber g o By
revity an e picis, To peodooe it wath Begh Nall comsemit, 1 1S made
by the princdple of gradual peecipliacios [0 13 Sole produeibon
o ek | B his B only able o produce s wish a MaCl costeat ofap o
O, so speckil rechnoiegy Is needed o produce salt with a kigh MaCl
ooanel [ 15].

Pumearch on the smnubiciure of and b boes casrical o By sovaral
prrvioes ressarchers. includmg enpimeening = purdfication o uipenen
wEing e washing eneshed [0 6], Thes seethod was able o inaease fhe
average MaCl omcenrmiion by 5. 3% Risearch 50 nedece Bpusdies in
sl con e cammied vl by o coshisstion of weshing aeed disool v, os e
Farn done by Dong et al. [17], The reseanth coeried out 2 reacsion e
gween sadiiom] sal with Nad0) amd N20H, resulbag in o precipsive
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Flguee ¥, Comyvonmoeety sall poreds (1410

m the form of 00y and Me (90 The resdes cldained indicaie thw
e purification of sk wes strongy mfboemsced by the raotie 0FCa /g, The
mio was ivo lmge ar o snall the impenity depoaition will ned work
proqeTly.

Tz iy reg oo 1wz hlmern ol erystnd e througgh e beatieg peoeiss
al the Bailig and oven sypsnesss has been widely disclowed by previoes
mserchers [15, 19 However, produdng =alt with il oven sysem
sakey o fong tme and e level af Mol obained 1 w00 o (0], Thes,
whuzpe piimade oo B anether peernachog as a sodenios ioothis problom,

Aspmy dryer §s one gype of deper S cas be wied w0 dey 1goid
maneriak |21, 22). reonl can cheege the maerisl from o Hquid sace inm
dry partichis through oontin s spryisg ina hot dryleg sediums [27):
The sproying provess lakes pleccad a Bagh spocd w2 dhal the mairrinl can
mmporste  immedisely  after combactes the weinee with
high-temperature dry e [ 249].

The spray deyimg method i= gereraly caried oot by spavng e
murrial in the fren of fine droplels isto o sizeam of kot e [25, 20] The
drymp prooess corees very gmckhy, mnofis meshod in wery s skl o
Brat-resstant kel ot high besepernbmres [ 27]. The sesultisg prodoct
= imihe form of powder or doy partcles [22]. Three main panis play an
impormet b 0 S Syig pooes, nenely Be womler, drviog
chuanber. arsd povdocs oollection cormalner [29], Theeses dee companents
must be designed b such 8wy o8 o san the desired diy produce [10].
Therdore, the developmess of devieg equlpesent o peaduse salt with
Bigh Barl conrest &6 neossary., This, the sy almed fo Sy codeen-
wracd seavwmner uging a gpemy drver o peod wee galy wilil Bigh Holl eon
et The pochaigue thid B bess developed in s srsearch 15 10 wse a

bl B S Gl FOD

Ewsi g st et il @ rend atios In the s ooy Srper. The mandaciarisg
mwcihud uses o hot siy apray sypsemin the drymyg chasdiers, B stahilicy
and melstive humidbpe (R in the doemg chamber are compolisd o
mezeded,

& Heearch methns
2T Mumervad did nool

The man rew malersal med ks hiem wilh a ocacerdmoon of 29 Be.
kb wan chiningd froen farmes in Prreson Villsge, Fas Lombok, Wes
bemn Tepmgara Peoviece, Indomesi, The carier soaleml ool were
malndestnn Toced grade) as @ filler. The dover was waed o cyllndeical
spiay drye: midel 3104 (Fail Chemicad Indsrsies Co, Lid. of Toyama,
Jagem) (Fipen T Addiziomal equgeseni was a by K tbermsouple,
wisprmmeivr (Bmokfield 8 OFH4 U8AL pronmeter (FU-Bwe 2007,
UEAT, amd oven (Hock, Indoeesial,

22 Sproy dnag

Thesgeray dryer was lnemed i e Lbosmney with an alr [emeemune
arcind of T5-29 °C and selarive amidiy of 50-65% The fist sep s
& pregire 50 L of bimem, 10 L are gsed o aalyee the physleal asd
vl progeiiles and @eother ed No drylag. Frepased sy e
arrnrdheg io the cond £ the praliminary eady. Drpisg ol the b dem
o o dry erysaak an vedatinns | hiot ale tessperare of 105, 115, ol
125 “C, devieeg ale Nowrare of 25, 35, s 45 md /edn, and keed Mow raoe
of 201, 25, and 30 sk,

2 Rewmerh poromriom

Thememummeni of the mussore contend (MC] ol the doomg produd
v camied nui by the veer meted | 700], A simgle ol 2 g was Beased ata
e pe s bare of 1056 °C fox B b then conled inop degtooptor for 1 b, ed
en welghod Theampd: mes sehesed for 1 h and rEes wei ghed il a
ccastand welghtof somaethan 0002 § wes oleained. The sufer conpen
of e proaiuey & clloaioed by #2000 ) bolow [32]0

MG sl — o A=) DO, (¥
where, MO = molsure contest. o = welghi of empry cag, B = wokght of

o -+ Inirlnd s, ¢ = welght of oo o eeple afeer drying
The concersmbion of natrmer chloride [Mall) freen dnmmg was
caloulmied using Eq. 10 bdow [ 105

Bl | o N ow fpws BB W w0 B i}

whare, & = sulame of AaM O romped for fimation {mlL N = acrmalisy
of BTk (N Fp = diflvess focor, and W = wephi of test saemple imgl

Figeec & (eelus| dopemEsn pydom sl prahosoan J16
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The yeld was caloabsied by Lo (00 below [134]:
¥ise (PR, /LS, | = TORR £3)

wiere, ¥ @ meld (%), P e Rare of powder, 5o -'-]-'tmntguhlmlid af
powder, Lo~ Peed flew e, 51 - Proserm of ol soisd of fesd

Trar pearthelie siae disr@orioe wae nhanlesd seing the Miteen blas-
nerader, Couker 18, wead Acmsizes To falily corgare the esperimintal
dreta. e Mmierizer ped Conligr meulie are re-mued deio the dismser
Ferenl e By the Asosliern

Qmm

Lata anadysis was cnsdected wsang SPSS |SFSS v210. (g, 1L,
ULA). Okscrentics dats wern salyred wesy rogresdon asalyxs n
dlvmtrate e relationship betwesn bos @ empermere, drving 2o fow
mie, mahesial flow mie, aned coerier concentrtion on maser canberd, Nl
nnbers, yoeld, and SPDS of dovieg resel s Predi tan voe e (e
for valldity using o tave-war amalys of varlance 1 e Pooom wal i |5
srester tham ihe Paphle. it meama thas there s 5 sipnificess diffeneses in
effect [15]

1, Paesging aned iz ussiaon
S How il smprakai profle

Ho aly wempendiue dels fom obssadons el peodlsliods o
vashme imatwarde during doging are chows & Paome 4 e P 4, @
oan b seen thist the ohserva o aed prediction dasn olsost eoineide. A
et beginmieg of divieg the s remperinee decseases ragldly and to-
watrts The el of dayisg, e als lesgeniine dicreises skoly,

At the izhs benpemiore tresesen of 108 °C, the ouilst iesgermaiure
varied betwesn 91.5-944 ", Samilkad v, the inle tenpesmun treaimeni
af 105 and 125 O pesulied in culet emperataes of 99,5994 °Cand
I1¥ 51195 0, respectreely, This ot also showes ol the greser dhe
nler temgemmies, de preans B outh wemperomre. This, the bem

bl B S Gl FOD

energy required fod drying Puas been met an e Inlet iemperasoe of 105
i The same duny bas boem posted by Wi i al. [56] e dhe
sempesiyme nodl For the drying process wae slmest the zame even
dhugh she drvimg mir fiow mie was dfferot
In Fizue 4 i g abo be sees dar @ the biginong ol drylag the hot
alr leingerain e boneinnd mphdy, thenemalioed cosetant aod Bl agas.
T menube srw el lowsimg the ropost of Do s Timnshy [07] tiat the
Tt air toperure o the bepreing of dodeg i very Fgh becayee (he
me= il el froms e processes dake place qmekh, Fenmr o al. [22]
Fave aao roposod [Bas s high Bt air sempesasane al e g e of
e drving process |5 cosred By tho presenoe of Tres waber on the sarfoce
of B volarile maoenia whick is thes carlod sway by the drying al,
while the bomd water memairing o the oo is very dificol in
evaporme: As 4 relt che semperaivre ol the Bob pr decreases, -
ooading 1o Dadlklcioder ernl, [79], fnee waner somds w0 cvepoapc mone
eiely, Wik hoand wimer wie very difseh i svapoamie, 6o neeals the
dirvisg e deoreasss.

A2 Nlooiw T covvin

The meistere conters @ vorious treaimenis of bot aw Empomiure,
dnying v S mare, fomd fove rane, and sl od et e oonoen i ane
shows im figun §. [eformaiios frooe Figee © sbows thed the st
cratant ie mPfussced hy the bt 2 empeasuee and dhe drying e
flowe rate. Water medesd deczeases with incremsdng hob air deerpery
. Ancther phenomenm was dat a high drying air fow mie can
fend oo Ever drying time This shows et the Raph inlsial femper-
atgre of the drvieg wir cassces g heat trarsfee process from b dreleg
alr mediam m e degder sofeo o ako Incrense. A siedlr phe-
scanezan kas been reposmed by Fabaer of ol [40] than the hot sir
wmperte his a significest effect on the conpommton of the witer
comtes of thie s il

A gl fead Qo ranei e doving prooes om ke pleee quetky
beaiice B Mok T conmEnl was more emlly evaporaed by the drylag
alr. The: sarse thisg hs been sepamed by Forom sad Keoh [31] thar the
dryirg proces can prseed mphdly wil oerossyg: foed Qo saie. S
oo ing bos Peberses o 3l, 1470, 2 high feed (low mabe can eaily e pornee
e masure conbed, o e mass tresfer process from il moterial in
e envimament can Ske place quickdy,

Thewaier ceetent of this rescasch 2n B35 hower than e
requiremeni for rw mpdeninks fiw the phamaceubcal sl indosry,
which is @000 (SH O1-4435-2000), Thus, the water contess of the me-
=ulis of thm stwly bas met ke pmbiy requiremenis as @y maiei as for
e pharmaceuio | iy

1 43
—a— Predicrios
i Fozrendicn
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E
# i
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] | 1. 4 F BV B
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Figure 4. Frofile ol the hob s empeeskor o8 0 niedil of olaerosmns. ol
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Figuee 5 The efbem il meer i iomperenere, drving ale Saw paee, Teodd N o, and e Hoedeismn Corsen o o malinn: oo ent

T3, Nod roeen

The =l showed i dee Mol conment nhiniesd was 9 3% The
msubs b owis dightdy lewer this e =minimum of Mall cosiesr
wquirement lor phasiaceozical Industry raw St whish of 99.5%
CF5 O -394 5-2000), The Jow level of MeCl s cosed By the oosediisen of
e mw o i inr 4 ki which ill comisies a lni nf
mud el mher Impanigies. Accandisg oo Fadhl e al, [47], legerity
Eaitois can oo sl pradics o haee a bowl Ba i snnes, which & lss
[LETIR s

T o ol 7 Sryang Sy v 195 Creealfed im thi bkt Seil
emnberd aof 90 2%, while the lowest MalCd contess was obinined o8 adrving
femperarecd 115 C which v 97254 0 e 01 These dafa mdimaie
|t the most eSacnive or increasing the MGl contemt was hot air em-
peminme, whlle the nlatve doying alr Bow aete does w i gl
cant efect This way presama bly becmee the vamabon dryimg air
o mte used in this drving proces was almess the mme The s
mault was repared by Chndapan e al 44 thar the hot oo icengeraiune
affects shee prooess of 2alf orysal Scamstion and Blgh alr lem peseiare can

# -
i f \
T = L
E g - A ‘\*
. — 1 -
L] > : + 1 -y
k-
C & Liryla ai Moew e
e it of mal denins
—i- et gl wrrpenmre
~ = [zl s e
T
il i 3 ¥ £ 5 i 7 E
T [l
Figure & Thealies olinks diricmpeesinne dreng e Sma e, ool o aie
panel prmab pr ke i dn oosmoenyinmdsens em Sl s updend

arrelerale waler cooien | evaportion w ihat the cryssallizsion pmces
alsp tikes place freper

24 Tield

Thedndizmon of the suctessal e drylsg prooess chn be kaowe sl
an the pield pred 1, Iy the retic B tho s of dey megier
chimined afer dovirg wiith the soia] wesght of the maerial. The resulis
shirveed that the yeld of salt crysials was milwesced by varicas baon,
pamely, hot nir espestune, devieg e Bow mte, foed fow rete, and
carsier comenratian [Figue 7]

I nformertinms fromm Dzore 7 howsthat the higher concemtmbon of the
carfer maienal, the grester the amourt of product yicld chiained This
Forppere becayee of e infloence of the carmier material whach was ahle
5o Binad she mater sl pamicles dardng drying. The we of carrier momer s
i ales @ble 5o preven: S coomrenee of pEodeet slckiness on dhe wils
of dee drying chambser, This suicklness socurs due o B influence of the
@lias mansiinn e perase of e eofmpnce maling up ehe maseral.
This preveinn G be done By ssing eddises e Gave a Blgh glis

1K —#—[Irying air flow raie
g ~ Coscenmation of malodexrin
- Feed Mow rase
80 —#—Huol air Lemperaun
—~ M
o35 g
o ' 43
= M — g
= 35:1_“‘—4._ ——
- __‘_*_ :t
3
a0 : : : :
| F 5 i 5 ] 7 B
Time ih)
Flgure?. Tie dieri al e ar emeener, drempaic low e, beed e e
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Figure & Efes ol fesl e e, (king 800 ey re. e iy (empe rmird ond
vont mmathin of mefodesrin on MPDE

errEim femgerabere, sach as malindesrin 45 ), Aocosding o Sog-
Beddnm e o, [45], the use of @ covier can peevest the posdoct fom
sricking m the walks ol B qeay dryl eg chasber. The mios commoedy
rased g vy minteriad B meal ed et In e muse i b a b g glaes mansinon
femperare of 100 < |47, 48]

T vesubis o caher soodies Bave also reponed that mnlossearin can
Ineweaee the ek by 77 pesnpined to pum arsdle wiich wee anly 884
|44 ]. Sy deying for pea leaves hic beea reportad by Nadeem etal. [50]
el e Bighest product vield was obsalned T saliod e DELD,
Sallosed by gum asabic, malsdexrk DEL, and crdodearin High
Bal air besperaiune sl plipe 3 role in imeseasing the ammang of yishl
The pemsal = of resear dhy by Tonsol sed Topee |51 ] Bave nlso reporied thst
Bigh hotaire=mpersare can amcelerate dhe evnporadion proces af water
et in @ shord tme = dhe yeld e also high,

16, Mam parick dames ikee (MPIS]
T et af materal Beed robe, dryiag alr (e gmee, hint Al Damper-

D, aid e pobcesmog an (he MPOE wits IBasimed b e B,
Tecreasing de feed N mie chmslom dewn o laesion of dropleis

s 1B L b MPDS bevosss leger. In ihis s, in gie Basi Bovw
A s EnnarEbane 1o n deomease in the gmuﬂ..lrunhc-umd
wmar e MPLG was divertly progoniosal po T Tl raoe.

In chis mady, the malaedoxizin of WP commleed =n
mlatively higher avernge parside diameter s compared o comcen-
dnrioms of 10 and 200 & higher ooncerdmiies of maBudexirin can
morease pamiche se s disseier density doe o o8 lower droplet
shrinknge roe durlng Syieg. & semarcher by Danen o ol [52] sk
wpamad that the MPOS of the spray diviss ssuls was somegly
mibwrced By #he formatan of the mimosisuchore ot the fime of
seayeg the matenal mbo dreplets. Hem |50] found that the comcen-
nlom of 0% malodesia resilesd @ lager pemlcle disneser sikes
whan e copemratioss of 20 el 75%, (e peotively, Comsldering all
ese condlBons, B wak penmesded s use a malodesrrin crerier
minerind of ab kst 25% o hove d good Iegacr on the MPDE of (B
spwray iyl g pesailis

Thae WMPDS koo docremoed pracfunlly weib increseiag Bot air sam-
pomne [Figure H). Hieever, the MPDE slighly chasged after she b
dir respernrae trearment af 120 °Comnd deereased after the B alr
Eempenie of 3255 0 Thio, MFOS Eocisoed wih hol abi iesgensine
fmimemt w138 0 dor o faser waler v rolese, Bae aic szm
pemmnme com reduce the =oe of the panticke Sameter and redice e
fewel of poresity, Cther nesearchers hive also repoeried ihad the ponicle
eize of the powder cin Be decreased as 2 ress® of ol air during spray
drymg [54]

Al 8 R0 Al FORD

4 Comelisbom

Hininir temperrataee, depre mr Fowe rade, feed fow mie and corier
meaierial have o sigedfcart effect on mobsum corpent, Fall content,
[igre T !.'I!Id. ard BIPDE. The veee of makedesrsis as @ cnrss maberial
plys an Digertoed rode i ksoemdig the plekd b the e al high oo
comraticss cvemex 5 kot of il crvdale in ek tn dbe walle of the dryieg
chamber. The recommendsd optimmm pasameters am 10 0 hed e
fempenioe. 45 mlmin drving ar few maie. W ;L min ma il feod
R, amd I mRRedemnn conomiriton, W pendooe MPDS =it ac-
vcoading 1o SN sinndards The ma¥ arysmls grodoced from ohis mescarch
et Bue Lgid o8 ey s raw miseiiads for the pharmice wical indony sal
Femuse they bave med Be regmirements based on SM1 simdands,

1 lara ks
A PF couri b Same v
Ao, Muomd: Cosecived ased desigmed the cxporimenis; Porformnl
e experimenis; Annlved and interpeeied she dai Werde the paper,
Abmpd Mamm Ahmad Yaharn fin Asyadc Anabreed sed sierpresal
e ditr; Wrnte the paper

Aracn  AbduTohaah Kamil fanlyeed e Gerpresed o dig
Crnbriuied roagents, moberiale, armlyes soole s daesc Wrsde S e,

Raberat Snbani: Conceved and designed ihe expermmis; Asalyveod
and inierpreied ghe daea; Wmie the paper:

Junidmy daemme

This research did not receive amy speafic grant foen fedeg apmcies
m e public, menmencial, or pot-dor-prodi| secors.
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