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Data logger
Flow meter ocT
ﬁ ! Flow meter
A
Temperature Module EI
controller Gear pump i
E_ Gear pump
AN /H_“\
— PC
L] v
| F::::“k “-'nte?;::t(l:;:hiller Permeate tank
‘,n"l-lotplale\ e _,rf Balnnce\
Data logger
[Z82-1] AYYFA 4SF grtEx
[E2-2] £2lot 54
Material Polytetrafluoroethylene (PTFE)
Porosity (%) 75+5
Mean pore size (um) 0.2
Thickness (um) 179
Mean contact angle (°)* 140+4.0
Zeta potential (mV)* -33 (at pH 7)
Effective area (m?) 0.0009
- HEF EXE 0|25 LY MA|ZE BHEO| JtsEH EX|e] MAE MZESH] of2 §EME IR &M
22|UZ 0|35t MsHIE FME
E2-3] ¢ditd 22 54
[tem Unit PL-3 PL-7 PL-20
General Appearance - Slightly opal Milky Milky
, Specific gravity - 1.12 1.14 1.12
properties
(20°C)
pH - 7.3 7.3 7.3
Particle Primary size (d1) nm 35 75 220
) Secondary size nm 70 125 370
size
(d2)
Aggregate ratio — 2.0 1.7 1.7
(d2/d1)
Impurities  Alkali metals ppb 300 or less 300 or less 300 or less
Heavy metals ppb 100 or less 100 or less 100 or less
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HX| 2} FAISH AKX E20| 2o ZoE A UHo| sHAS AHSILX} &
[F2-4] ME=x=A
Type of Feed temp. Flow rate
Experiments No. NaCl (g/L) Note
silica (°C) (L/min)
E1 PL-3
Effect of size E2 PL-7 60 0.4 35
E3 PL-20
E4 0 Compared
Effect of salinity PL-20 60 0.4
E5 70 to E3
Effect of E6 0.6 Compared
PL-20 60 35
flowrate E7 0.8 to E3
E8 70 Compared
Effect of temp. PL-20 0.4 35
E9 50 to E3
38
36 1.0
= 34 3 220 nM
.g —_ —= 75nm
NE32- S 0.9 1 mmmm 35 nm
-~
> 30 1 -
< 28 2 08
= ©
L. 26 1| —e— PL-20 (220 nm) k o ]
o4 || "o PL7 (75 mm) N“\," c 0.7
--- PL-3 (35 nm) ¥ =
22 - ; . ,_,C_’ 0.6 1
0 10 15 20
Time (hr) 0.5
(a) (b)
38 l
36 %,
= 34 I
E “."Q.:QQQO
of 32| el
< s
i ey o882 g000
E 28 - "v“' ...20.2002?:
L 261 4 pL2o (220 nm) "'vv,v
o PL-7 (75 nm) YVvy
2411« PL3(35nm) e
22 T - - . v
1.0 1.2 14 1.6 18 20 22
VCF
(c)
[O38 2-2] AMe|7t 37(e Adek (a) AlZtoll W2 EH Ao #H3E (b) T2d HIE, (¢) 8 sF&ol U2
E2 A0




- d2|7tel A7|ol et EHAS HATt CHE WEHS 22
[m]

- [
- A2[7tel A7|of et Y v[E0| ot=A LEHH

tol

[E2-5] 2TAlzZHol| wE S Hst Hln

Flux rate (dJ/dt)

Type of silica Size (nm)
0Oto2h 2 h to Final
PL-20 220 -0.32 -0.35
PL-7 75 -0.29 -0.44
PL-3 35 -0.11 -0.55
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HV |mag O] WD tilt | det 50 pm HV |mag O| WD curr | tilt | det —100 ym ———
3.00kV | 1681x[12.0 mm|21 pA|46 °|ETD Quanta 200 FEG 3.00kV [1075x[19.1 mm|[21 pA|50 ° |ETD Quanta 200 FEG

[28 2-3] 22 H=o| SEM o[o|X|: (a) 2% o|He| =29, (b) - (d) WS E =2, (e-f) =22

s &
- A 2700l et ohE 228 2Y del H 2ES FA7F 22k
1.0

0.9 ;

0.8 1

0.7 1

0.6

Fouling ratio (J/Jo)

0.5

mmm PL-20 after cleaning
= PL-7 after cleaning
= PL-3 after cleaning
—— PL-20 after fouling
—— PL-7 after fouling
—— PL-3 after fouling

[28 2-4] %2 v[g ¥ =2H AMHo| et S5 35
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Contact angle (°)
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401 =rm I S 40| |=rw

20 1 hLs 20 {| = pis

0 0
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(28 2-5] 2oy = 2 2ald A Fo| HE2

[= Ean |
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T T S T e T g S R T L i e e . T e

[28 2-6] 22 % =2/ MF M=o OCT o|o|Xx|
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50 ! ®* FeedT-50°C
hw"""ww © FeedT-600°C 1.0
= %"‘% v FeedT-70°C 50 °C
o 40 © 009 - == 60°C
§ = m— 70 OC
x 30 M © 0.8 -
=2 ®
8’ 0.7 1
20 =
M T
. . . . © 06 -
0 10 20 30
Time (hr) 0.5
(a) (b)
[38 2-7] 22X 230 w2 ExdA0 Hst 2 U2AH H[E
50
e 04LPM 1.0
45 hAAL AL S o 06 LPM mm 0.4 LPM
= T Vvve, v 08LPM || ~ == 0.6 LPM
< o0 o 9 © 0.9 1 mm 0.8 LPM
AN 40 00000 v"vv =
_g 00000 Yvy 3
i g g %00, © 0.8 ;
1 (o7 —
5 'oooo......... OOOOOOOOO &
TR ®00qq, o @) 4
30 | e, 207
bkl [T V0N =)
25 ‘ : ‘ ~ 2 08 ]
0 5 10 15 20
Time (hr) 0.5
(b)
48
46 “-'w"wv'ﬂ"‘,—){‘vﬁv"v—vvﬁv~1
E 44 A
] 42 DV OoCO0oO0 000
NE 40 000.00-000.0.0_000OIOOO
3 38 - P00
3 36 |
32 -
30 T ' "
0 1 2 3 4 5
Time (hr)
—e— 04 LPM
-0 0.6 LPM
-~- 0.8LPM
(c)
[O8 2-8] 28 =70 wE (a) EHAS H3}, (b) U2Y HIE, (c) &7 5AZ 2USeH EHA Hs
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Zeta potential (mV)
o

10 12 14 16 18 20 22
VCF

[28 2-9] 22l 2l Hat=l= zeta T

40 10
Terueeseyy, o oes N S 09 -
TP s
— 30 fSAAAAAAA AAAAAZOQQQQQQQSSSSSOOOOOOOOOOOQ 2
c AAAAAAAAAAA V""" 3
' TV o 08 -
N BAAAA Ans 9 I
BAAANL ©
= )
5 20 2 0.7
g —
>
é ili © 0.6 -
i 10 - e Silica (PL-20) 1,000 ppm w -
o NacCl 35,000 ppm
v Silica (PL-20) 1,000 ppm & NaCl 35,000 ppm 0.5
A Silica (PL-20) 1,000 ppm & NaCl 70,000 ppm
0 l I I I mmmm Silica 1,000 ppm
0 5 10 15 20 == NaCl 35,000 ppm
mmmm Silica 1,000 & NaCl 35,000 ppm
T|me (hr) —— Silica 1,000 & NaCl 70,000 ppm

(a) (b)

AXM =Z2lof st S FolM H2Ho| cletkst Xt Psks oM A HEE|LE S2|M MEAES E5
ohyzfel 20| Jhsg A= J|HE.
2R E YIS
s FH(Membrane distillation, MD)S 0[&%t YH A=A ==E(E ) & F2(8) 3 F
13} 7| Qe
S & Xl 28M "ot
X 4ESF 3 MAo| fF WitE U4SF $FE (permeability, L/m*hr (kg/m?hr))E& =&
Deionized water2 14A|ZF o|AF FFHHEHAM flux (LMH= L/m?hr) ®7}
= 25 =4 60 °C, 70°C, 80°C oA 28 &t

14A|2+& 2 60 °CollA 25 LMH, 70 °CollA{ 30 LMH, 80 °CollA 55 LMHZ ¢HF A Ql FLUX LHEH.

olt A otE® BEAMA it @7 FEAIQ 7 kg/m>hr (or LMH) Ol 2 MTtE A,
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® G0degC
70 © TodegC
v S0degC

Flux {LMH)

o

o] 2 4 6 8 10 12 14
Time (hr)
[O8 2-11] PVDF 22| DI water flux test (60 °C, 70°C, 80°C )

O HHAZH HEALH 23

- LiCl 20 %2 HCOOK 35 %

SR AlAHOIN 2N HME BEY BIHE
- oy MEHe SEUt MR SHE Uik 2NE F 2R SHEE0 Hels Al ¥ d0| oE 23

=
=)
=

U

A HEE OEE
-2t H&MYE 250 e E¥A= HCOOKE "o 5.98 LMH (60°C), 11.91 LMH (70°C), 11.14 LMH
(80°C) 11, 20 wt% LiClE= 7.77 LMH(60°C), 9.88 LMH(70°C), 15.16 LMH(80°C)E LIEIY.
- detdez 2&7 E 2 =7 EHAE LEHAYSL FI|ZE ™Al o wE
e ==
- 35wt% HCOOKS| Z< 70 °CollA 7= o|abxfol
HAMez I2 EHAE 7|58

- 35 wt% HCOOK= 28f s=F==0 37 AlzZtol ZE gH, 20 wit% LiCl= 22t 224 Z2 56 A|ZHo|

LEERA HEE ) 20 wt% LiCle= 60, 70 °COoflA

24 A
-1 — —

Ml
]
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Flux (LMH)

L ]
Q
v

HCOOK- 60 degC
HCOOK- 70 degC
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Time (hr)
50
® LiCl- 60 degC
O  LiCl- 70 degC
40 - v LiCl- 80 degC
30 -

s a

iy A

. ;
T
fo NI i

o

LN ) k T

(R TIECE M g g

« i
tESR ey

0] ? o @
0 10 20 30 40 50
Time (hr)
[38 2-13] AKX E- H4ESFAIAE (Liguid desiccant membrane distillation)2| 27 A =HI},
UESFH 0|8t 2l | A=A s+ ™ =HHEZE HI}
UESF AAEH MM BHAZH sF(EF) ¥ T2 357 M2 =0 JgctH, X Eo=0 )
= USFAIA”HS HAHE (YA A=A sl+8)2 98 % o|AS =Mafobst. w2t 3= M H=x
o 5% (Feed side)2t Mk (Permeate side)ollM HHZA=H & DEE
HCOOK= K ol2 s&, LiCle Cl 0|2 sZ& SH=HIEXAgATA (KOPTRI, ZHIAAIE7|E)
ICP-OESZ 24 9|25l 5. (ofeh SeUAIE MMM ZFH)
IC-OES E2MZIl= ofel E 2-52 2. F UAH=M ZF 99.99 % Oo|A&e| MAHES LIEIHO] AUx|
HAEMAIARCZ 2tEstn ot EekE
9 2= Mot ZEQ WA A=H 358 98 % O[S TiEsio] AFAT =M E
WA AxZH &8z s5=Hcs Y IHE of $2() 258 99 % ol4s UHEsI0] o M A
gt
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[E 2-6] %A HM&H SFoll we

of
=T

557 A=

oM A=<= ol25E(mg/L)et MAHE (%)

Feed side (mg/L)

Permeate side (mg/L)

HMHE (%)

HCOOK 35 % 146,000 5.8 99.9960
LiCl 20 % 30,200 6.4 99.9788
Koptri et 2 Koptri —— Koptri e 2
TEST REPORT TEST REPORT TEST REPORT
1 Regeneration ability
- 9 HESHZE regeneration ability (%)= HUAHHMSH s S7HE= Adteh Zotel. AL A2 ofzfet
A X=X
[=3=]"
X(m- —-m )
o o fte be f
AX= Xafter _Xbefore - e e
maft(’,r
— ZFoMe} Zo] 70 °CollM HCOOKSe| fluxZF 11.91 LMHZ LiCl (9.88 LMH) ECl =2 42 LIEMIA D,
55.54%2| Regeneration abilityS LIEIHAS. HHH LiCIe] A 10 - 16 %2 A& oZ o e gt
S LIE].
[E 2-7] 9A M &MY Regeneration ability (%) H| 1.
Operating Average flux (LMH) Regeneration ability (%)
temperature
°C) HCOOK LiCl HCOOK LiCl
60 5.98 7.77 33.20 10.64
70 11.91 9.88 55.24 16.21
80 11.14 15.16 37.46 19.92
O ME&AIAEH 2™ 58 42 98 o ME &Y = E85HA BH5
- WH HE-USF AAHOAA MUHMoZ =2 WIAHMESHIE USF AAHEH W A4S 2EA|7|7] ©f 20
22 EZHAlf 2HEAZO| U2 EHA ZAE oF7|AY
- 2N, WA ME-HSF AlAH 2 a8 M2 5] 1A|ZF M & Di Water2 22 A4S &
MItssh= AIOIE2 dHESHHA 2 E-HAS| djHE ZHES MA nfH2 ol Oz 2ol ZIsE.

_’I7_



=
- (X —>
— - -

Water flushing

{change once an hour)

- ot JEolMet Zo] 35 % HCOOK MEHE 1A1ZF 28 ¢ F & MH F= MrtSsIRS o Z=
#d 20.32 LMHOIM 17.45 LMHE 85 % 3|S5=(Aa. MS 5AZF S22 85 ~95%2 3= (flux
recovery)& 2.

- O|ZHE 20A|ZtS2 RFA| E2HAE 14.45 ~16.76 LMHE 20 71 % 71X E3HA 3580 H4S

MotHA 7|72 =2 HCOOK o|=2 ZZHo| 2t mHo| 20{A irreversible

4 MY ZFolE ESA 3|5 (80 % O0lah)o| & LIEILIX| 2= A2 2 ALRE.

- 20 wi% LiCl M &H<e B, 35 wi%HCOOKECH 1A|ZtSo E3A ZHA 80| HotM MjMoz =2
EZA 3582 LIEM . E=7| 1A|ZF EHAE 14.62 LMHOIAM 5A[ZE Sob of SHAIZE ¥ 14.34, 14.55

14.25, 2/ 13.98 LMHZ 2[==|0] 99~ 96 %2| E3A 3585 LIEHH.

-
i

- O] = OfX| 2} 40A[ZM74X] 11.08 LMHEZ 76 %2 &4 2[58S LIE
- 20 wt% LiCl 7} &AMz 2 S3HA 3588 LELHAJAXIY, EE 2H SHATJF 35 % HCOOK 2

Ch 70 % %3 28) SE= =0 AtHE oz 2 AlZio] Ze|ls Hez pHEE.
- Ctx 9t NAE FESHK] &4 XA, 35 % HCOOK = 37 AlZF, 20 % LiCl= 56A|210| 28 s==5=
o Z2l gt 2@ MA F odf sEsk=d 7K 22 A|ZH2 35 % HCOOKE 30 A|ZF, 20 % LiCl= 40

| 12k,
(35 % HCOOK), 29 % (20 % LiCl) o AlZto| chEE= He & & AS.
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S
E=
=
&

= S

30

f
=

(HIW'D xnid IO0DHY% S¢€

15 20 25 30

Time (hr)

10

-

i

5=

E
=3
=

20

T T
0 o o]
—

-—

(HIN'D X0 1DY'T % 02

20 25 30 35 40
Time (hr)

15

10

100
X0
O
__R
Al
OH
__o_l

(kS

A

F

M o

_I

[of

E
=

e

[28 2-15] AH M &- A4S RA

IH
1o

T

I
0
<

®J
X0
4

[l

]

I

- ?[o|A LiCl 20%, HCOOK 35 %=

oo

1

10l

I

ju
1o}

o

i
X0

<+

Kl
<0

4

gl

=
ar
ok
ki
Ho

Uk

10
K

oK
ok

o

= 20

[nf X=)
=

2.8 °) PVDF
1, 35 wt% HCOOK<]

+

- Contact anglez

®l

™Al Contact angleo| 0°2

o
[

wt% LiCIZ

oln

~
Klo

0
<k

Kl

=5]

A|AEOAM 20 wt% LiClZt 35 wt % HCOOK =&

=

Ztz}

. 71& 20 wt% LiClzZ} 35 wt % HCOOKOIl A

b2t A

0° 2t 68.7 £33°

o1 2

|

Contact angle

oln
3

o<

__.A_._._
N

to] 0 °2} 68.7 + 5.9 °=2

st ofE 1,

Hr

ofu

<0
ol

7
Klo

LHN UN(HSY
A5 100 %

™ 9|

T
ar

o}
=1

Aol ofgt

MAHES A S
M 25 irreversible foulingg 227

ot
0

| S AIZIX|

k=1

=3
=

Hlu

Ea
=

ol & A H
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et , WHHSHE U ZF A|AH 2XMAD 3F FHo| LMol o161 D, ol Z7|¢ &t (water
vapor pressure difference)oll 2lal] FES=E= HSF AlAEHSL ZEZHAE MES| XS I QYUSEM,
SF FZAFOM U ME-UBEF AAHO|M Sfo] AFME SAAZ = Js G X Jjeo] Az
sttt & £+ US.
Pristine 20 wt% LiCl 35 wt % HCOOK
{b) (d)
N.D. 68.7+3.3°
{a)
98.7+2.8°

r--—q

(c)

(g)

N.D. 68.7+5.9°

orx==
—||‘8'IT A

(O3 2-16] W S

LiCl 2t HCOOK Z & 35tof f

ot

at F ol MAME = =
HMEAlAHE 28 & ¢4 71 2 7[30] Cl, K 2% §4 &4

WHHE-UHESF AAE 28 F, UM EH 20| HEHM HEA B2x =ZAJA=XE ZASH| fIsHAM,
2Hs akol Mol ofstod, ClTt K of 2XE EDSZ 24 &

MA 2 EWHo Clot K 25 HEPH O 2 ofeliet 23, PVDF HollM F2 40l Fot Co| fAE=E
= 242t SAI Wzt o 2 FA|=o] 2f FHo| 127 zhEE(of LiEHE.

20 wt% LiCIZ 2%X¢et PVDF 2te| &<, ofel JEOMAME Cl (M) d27F 2 Mo 12H x50
UeE HE BESIUS.

35 wt% HCOOKZ 2% et PVDF 24| A2, K (2t) |47 D27 2Zx=0 A= AE 2ESIUS.
Ol= LiCI2F HCOOK UM A &H 7t EMHo| FZ35t0{ foulant2 Zt&sto] & EHAE ZASIYCtT 7
F2g & AS. LICIZF HCOOK 7} crystallization @dst= jlH2 S5 X472 FMSHIA}L oF

_20_



HCOOK

LiCl

PVDF

=

ZRAlAY

I

m]
=

[28 2-17] A &-

HolM M=z 7= JHe

IR

of 284E =017] ¢

Ell
=

=8 JENPS

o}
=1

@

membrane spacer A=

o| st
O %$=57(MD) 3™0lA spacere] ERAM

- 22|

ol
o}

IH

__o_

ol
._o___._._
ofl

o

0f0

ol 2| spacer=

ol

o
20

i

o
HH
i

r
A

r

KH

o
a0
o]

ol
Tl
|

ol

1o
"y
ol

__o_._

o

0K

oll
b

q’!‘-
7

Permiate

Flaaw e

- Parye e

<r

g 2-18] &2|9} spacer &2

[O

| spacer
35 g/L NaCIZ

o

Holl M

=
- MD =32| Feed

a5 7 (MD)

O

i ol2 MAsx

5

tX spacerg &

S

=
=

Toll

or
o

_Z’I_



— Spacer

orx=ge=
1 oTr

O %458
O MD &4
- MD =4

HMAHE

25 35
[ conductivity
I Flux
o L 30
% 20 - _
2] T
H F25 =
< =
T 154 3
€ 20 L
[0 (0]
e T
o [}
o L 15 E
= 10 5
o o
[0] [
= -10 8
Q =
E 51
[0
o L5
0 Lo
No spacer 0.5mm
[O& 2-19] spacer 820 2 0|2 HHE8 &L ESHA
€ 7|9HM 0|2 MHES0| Zotx|1 EHAT| satelof 2o 80| ZolX|= AS =eolgt
=80 =XM3lE spacer ClAIRIZ 3= A g ZdstnA &
(MD) 33 spacer ClAlele =Xz}
Jof| A12| spacer HIE ZtEol| HWE &8
Jo|A2| spacer ¥ ZtTof E o2 HMHE1 EHAE EHsH| ?lol MD 532 FeedE 35
g/L NaCIZ stof 2o £ 88 =ele
— Spacer B Zt=+= 45°, 90°2 5}04 H| gt
30 35
[ conductivity
4 Flux T
25 - T - 30
_ 17 T
£ T - 25 %
O 20 - V% =
) l / x
3 _ =)
> F20 L
> ]
o 154 ®©
]
[0)
3 (15
£ o
5 1] '/ L10 &
o o}
T =
L
51 L5
0 0
No spacer 45" spacer 90" spacer
[a38 2-20] spacer i Ztzof w2 ol MAHE & EA
— Spacer € Zt=E 90°Z 32 1 spacerZt glS el v|Wslod EHATE 1 .64 A&ESHFH 20 o2
2 spacerZt gl2 It 1.78 =U*S
2tEE 45°2 SIS M spacer7t 9l mHb H|Wsto{ ESHATE 1,78 MASsi¥ 20 o

- Spacer Hi ¥ Zt

_22_



oot

o [=]
- Spaoer~| Hid 2= 5 45°2 X

O MD BH™o|Me| spacer FHOl U= 28

- MD 2H29| FeedE 35 g/L NaCIZ 35l spacer Mol wZE o|2 MAHE
22 Feolg
- Spacer ¥M+< 0.5mm, 0.7mm, 1.0mm & 35}0{ H|w gt

[ conductivity

LZ—Z2 Flux
25 +

r 35

ol i
J

15 A

Permeate lon Concentration (uS/cm)

- 30

- 25

- 20

- 15

Mean Permeate Flux (LMH)

- 10

10 +
T
1
5 -
T
J_ |/
0
No spacer 0.5mm 0.7mm 1.0mm

[28 2-21] spacer Mo Z o|2 MAHE ¥ EHA

- Spacer FME 0.5mm, 0.7mm, 1.0mmZ 3sl¥ S W spacer?t

3.2df, 10.94, 18.844 E7tet

g2 met vlusto] of2 MASO0| 242t

— Spacer &M 0.5mm, 0.7mm, 1.0mm= spacer} 812 W} v|ws| SHAT} 1.748, 1.7580, 1.844f

SItsto] FAIL FHEFTS SHAIL &5

O MD 3HollM2| spacer 7+zo| e &8
- MD =XollA2| spacer 72+
NaClZ 35to{ 2t 528 stolgh

- Spacer V42 1mm, 2mm, 3mm, 4mm 2 &t |1

o

=X
=

Hot7| 2l MD &

S™29| FeedE 35 g/L
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25 70
_ [ conductivity
T = Flux
o I 60
S 20- )
n
5 —_
o __ s
.0 =4
_g 15 // 3
% r40 T
[0}

£ 3
2 10 - T [ S
= T o
]
s 7” s :
-— - [}
8 r20 =
o % T - 10

0 0

No spacer Tmm 2mm 3mm 4mm

[28 2-22] spacer ZtZol Z o|2 MAHE & EHA

- Spacer ZH4E€ 1mm, 2mm, 3mm, 4mm=Z SIS M spacer?t 812 M2} B WS ol HFHE0| Zt
2+ 19.58, 18.880, 12.44df, 6.581 &7}t
— Spacer 2t 1mm, 2mm, 3mm, 4mm= spacer?t 1S Mol d|a] 2tZ+ 3.8uf, 2.9, 1.84lf, 1.7d4

Z 715101 spacer?| 7+40| Y248 F& 2 HWHo| 5o EHATF YA SHE

o a0

25
X Transferred water

20 A

15 A

10 +

Transferred water (g/h)

No spacer

[a2& 2-23] spacer ZHdof| m= MM = 2o o
— Spacer Z+40| 1mm, 2mm, 3mm, 4mm¢¥ M MM=E= 22| 20| spacer?t glS et bv|Wa 1.034),
18, 1.078, 1.1280 E715+04 spacere| Zt40| Ll2+5 MM=E= =9 20| gt

H1

O MD &2HollM2| spacer TRt =& S}
- MD =HddMe| Feed?l 35 g/L NaCl¥ mlf, spacer ¥ Zt== 45°, FH= 1.0

e ==

3
3

e
2
10
fol
o
o

— Spacer 7H40| E2+5 2ol & WH0| E0{50 EHAI} =X|¢h ZHH0| 255 2L ol MA
2 W 2ol FHE ot flux dropol & dojd + A, 235/ WHE= =2 22 spacer?| 7H40| H




—

Folof MMEl= 2o 20| B2 gpacer ZHEE 4mmE FH| 2

i
jmin]

F 7=l spacer M
F&7IE HelHE X =t

O EtALI-EE=2(CNT) spacer M=t
- 3D T2z vl 2z 45°, FH 1.0mm, 2+ 4mme| spacerE A

[s13
=

Filament

PN
S,

k13
=

o
BE 0|&35t0] HM=stien] 3D Z2IHE H2tHE

EE(CNT)E spaceroll A28t spacere] & MEZEE =04
v o}

I == A2 Aozt of &

o

rir
M
L}

[O28 2-25] Zstsin|doz &S 23 =) PLA spacer, $)CNT-PLA spacer

- PLA 2t2 0| &3l THE spacer 712 of112{2 F+=& ZIX|Z JUUX]|

=
=
£717} BEE

[0 MD 2FolMe| EtALI-SE(CNT)7F E7}El spacer 8 Ald
O Et&L=F5E(CNT) spacere| 0|2 MAH&8I EHA

- MD sdolMe| o|2 HHE2 EHAE FX5I0] spacerd UE 2te| 288

ot

—

CNTE

7

=

t

5t

—

spacer 7=l =

_25_



25 35

[ conductivity
— V271 Flux
I _ - 30
% 20 T .
S I
= | || 7 7R
= <
S 151 - =
qc) F20 LW
[0}

e g
(&) -15 £
= 10 1 15
o o
> i =
© r1003
Q =
E 5-
8 I s

0 0

No spacer PLA CNT-PLA

[ 2-26] spaceroll 2 o2 MHE & EHA

- CNT-PLA spacer= 0|2 MHE0| spacerZt gl2 et Hlwsl 21.78f, PLA spacer?t H|Wal 3.3df &
7tet

— CNT-PLA spacer= spacer?l g1 miel ujus =
0.988f &7t&t

|>

7F 1.6781 Z7I5I¥ 1, PLA spacer2t H| s

O EFALIE=EE(CNT) spaceroll 2|t 2t #H 29 =z 4l @H 22 2
= o
_'_ —

- MD &232| FeedE 100ppm HEHEZZ 35t0{ 1A|ZF M

12hr PLA  12hr CNT-PLA

[ 2-27] spacerof w2 2t ¥H 2
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0.016

[ Concentration
0.014
A
§ 00121
5
2 0.010
©
kS
8 0.008 -
C
o
o
o 0.006
©
(0]
E 0004
[0]
o
0.002
0.000 . . :
No spacer PLA CNT-PLA
[O3 2-28] spaceroll 2 permeate SE
—Spacer 810] X%t 22 EHo| ¥ 20| 0L 4
-PLA spacerg 7|1 2%st &2 28 =2Z0| spacer?l 20| = H FtHo| 4Foo{ CNT-PLA
spacerg 7|1 22X o= 2Y =Z 0| He| 40X %S
—1AlZF 2™ & Permeatee HEHNEF sT+= spacer?t §l= & 0.014ppm, PLA spacerg AlE2st &4
< 0.011ppm, CNT-PLA spacerg AlE28H 2% 0.0023ppmE=Z CNT-PLA spacerg AIE5HH permeate
Z "o7l= HEMESFe 2o M3
- MD 332| FeedE 0.19 g/L CaSO,2Z 5t0f 12A|ZF 2™ F SEME 0|23l &f =M ¥ S zH&Ekst

10 pm

12hr PLA

12hr CNT-PLA

-SpacerZt 8= PVDF 2ol 2™ ™ ARRlZl H|W35H0{ MD 12A12F 28 =2 23l PLA spacerg AlEst
o2 Edol 22 2ol ¥of 2o 7|z32 A HE

—CNT-PLA spacergs AREst 2o ¥HE 2 S22 2t8s| Ho|X| Ltond FHol ZIYo| gME
-MME Z2YE oHX2AE EHEAMTIE 0| 8sto BAM S FEsIen], 2AM ZI mHo HME ZH

|
=

= CaSO.2

Slo|
_|I_




CADATAEDSPOZTMTIEIOM0L_10_eds ss0iedaprojectaps 14-000-2071 19:94:02
= ERTE]

21— &

1,4

Ca

5.3

103~

| Element | Wt% | At% |
B 2524 58.38
B -5 1994
B<E 2555 2168

A
i g

Sl =

300 400 GO0 BO0  TH0  B00  R00 1000 %]
Emaigy - ka'y

0.0 -

o

[28 2-30] dHXIZME ZHE2M7I2 2Met 774

[28 2-31] X 24 22472 2hEtet of #d

O BEHALIE5E(CNT) spaceroll 2[sF E8A ZHA A 24
E

- MD &332| FeedE 0.19 g/L CaSO4Z 5}0d

I
>
N
S
gl_n
>
o
e
2
-
N
Ral
Ho
=
_o'h
ko]
s
=
oo
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Permeate Flux (LMH)

0 T T T . T
1 2 3

i
o

Volume concentration factor, VCF (-)

(8 2-32] spacerol 2 EHA B3}

-SpacerE AIEstA| %2 21l PLA spacergE AFSEH 22 Z24st E82HA Z44AE B0, PLA AH0[A <
A|._9_o§ -‘-‘E—|J\7|. xj} |'oﬂ_T’_ %%'I 2tAae XA o] 74 Slo| &h

o Ct27 CNT-PLA 2HOIME ALEY E9 SHATL LS Hdaste 22 EXR 20, VCF7t 50
0

2] t=
Tete FodE fluxZt 0483| 20LMH

O BEtALIEEE(CNT) spaceroll 2|st o] 4~4M B35}

- MD 332| FeedE 0.19 g/L CaSO,Z 5104 12A17F 2M = 2o S 2ES

PVDF 12hr-PVDF

12hr-PLA 12hr-CNT-PLA

[O8 2-33] spacerof| 2 2to| AN

-PVDF 2o 28 # ote] HZZ2 110°0|%1, 12412k X % PVDF 2o HEZe 55°2 a%4g I
o AAF
-PLA spacerg 7|2 %2 HFZU0| 76°Z2 &FMHE 285 AUX|= LU, CNT-PLA spacerg 7|2 ¢




HEZio| 104°2 &2 Hel YR &S
spaceroll CNTE &71& A< spacerg 7|9X &2 A Hcl EHATI}L SJlsi0 o|2 HMAHEO0| 2=
- Spacer= Y2 Z 2lsl Aol J|Z5S U= SHaE E0|0{, CNT-PLA spacerg ASE 4% 2o
o] ¥ Z&=Z 2l oto|X| &1, WaEst AMNE MMA7 EHA ZA dMdE2 =5 5 Yo 27|72
o| 7ts¢&t
— CNTZ7} E7tEl spacer= 22| &M S F7|2t XHA7I0 O|2 2lsl 2ol £HE SIMZE H2Z o4
=
=
- CNTZ} #7IE spacere| 22 X3l HFHU S0l sl = FIHEel A7 Hes 2oz =2l
- &% CNT-SpacerZ} H=tEl HHAEZHM S F AIAH 2F5H0 '5:‘% EH AL ZAIZE RFA| 2
=4 A 35 of AE.
® USF AlAHCS dUX] M2 =0[|7| 28 plasmonic membrane £A 7Hf gt
O GNP A=
1) GNPA =
- EY e 4s dH|FAS M g2 HMAF|I= E2l=2Y g3 (plasmonic effect)E 7HAL.
- T EM el HE S5 2 MEIAZ £ A =2 kst Eotofl MEE1D US.
2) Ct2 37]9l GNP M= (Z7|¥ MM =7 ™3}

ANEZM gage S M=

TSC/HAuUCI, ratio, salt concentration,
37| HasliX|H centrifuge ESHM GNP &2

reaction time, mixing rate =&

1008} 3|41 Al optical density 7|=

[E2-8] GNP A7|E MM 9/& M=8H =x35}

HAuCl4 TSC Salt Time rom Wavelength
20nm 0.5mM 1.5mM OmM 7min 400rpm 519nm
30nm TmM 3mM OmM 7min 400rpm 527nm
40nm TmM 1.5mM OmM 7min 400rpm 530nm
50nm TmM 1.5mM 10mM 7min 400rpm 535nm
55nm TmM 1.5mM 10mM 7min 100rpm 534nm
60nm TmM 1.5mM 15mM 10min 400rpm
70nm TmM 1.5mM 10mM 7min 200rpm
80nm TmM 1.5mM 10mM 15min 400rpm
90nm TmM 1.5mM 10mM 15min 200rpm
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LS ”

20nm 30nm = .. 40nm

50nm 55nm 60nm

: ‘o
70nm | __ 80nm = 90nm
[O3&2-34] 20 nm~90 nm 37|Z2 MME=E GNP & TEM image.

O GNP bulk test
- GNP1(20nm), GNP2(40nm), GNP3(60nm) A&

= . &

[8l2-35] 20, 40, 60 nm 3AJ|2 TEM image.

— 808nm Lazer 2 IR camera® &3l GNPl 37|, sXo| UE plasmonic effect &2l

=

—— QP!

1 —4— pure water
—— QNP1

— GNP

—— QR
—— G

Exitinction
Temperature elevation (K)

\%XJ
)|
Temperature clevation (K)

: : : : : T T T T
4 6 8 10 12 14 0 1 2 3 4
Wavelength (um) Time (min) GNP (%)

[O82-36] a) GNP ALO|=H Extinction spectra b) AlZtoll 2 GNP I7|E 2% B3 (158). ¢)
GNP 37|ofl }E GNP sE¥ 2% His}

_3’]_



O Plasmonic membrane M=

- GNPE size¥ 2 o

- M7| gkAl(electrospinning) ¥ ™7| 2F(electrospray)E 0|-&3t0{ PVDF A%}
- Lab-scale DCMDE 0| &sl0{ 2t d5 =l ' S

gol (B8

[m}
=

GNP &g Membrane H|Zt MD flux test
Reducing agent el inni 5
Precursor CEHSO‘J} B }. ——
= B o—
. . o —
GNPI  GNPZ  GNP3 =2
(20nm)  (40nm)  (60nm)

[82-37] Plasmonic MIX gft&d.

O PVDF + GNP membrane

- MI7|HAPH S 0|85 PVDF 2ol A S GNPE € 0{M plasmonic membrane2 2 7H & &t
- SEM image, conctact angle & : 2 E0{X|=X|, &M o| ®X| ==X &2l
£ W3 =l

- 808nm lazer, IR cameraZ plasmonic effect(=
)

sto|
_ L—

— fouling test : methlyene blue (100 mg L™

1) electrospinning
- PVDF 20w% 2 M= (8ml).

M7 2 AHflow rate=0.8mL/h, voltage=13kV, niddle size=0.5mm(21G)E 0|-&5t0{ 2} M =.
- PVDF 20w%, GNP 5w% &% Z=Z0lAo 2+ &= (2ml).

7| ekAk(flow rate=0.8mL/h, voltage=15kV, niddle size=0.5mm(21G)E 0| &35t0] 2+ & =.

- SEM 2! contanct angle% Soll MME gto| FHIL AN =0l

107.8° 109.2° 115.7° 112.8°

[18l2-38] a) SEM image, b) Contact angle: 1) PVDF & 2) PVDF-GNP1 2} 3) PVDF-GNP2 2} 4)
PVDF-GNP3 2},

— Lab-scale DCMDE 0|&2350{ 1A|ZF S¢te

| 9 E5AE Sl E2l=rzY 2t SF7F 3d "ot
- 4 o X[(808nm Lazer) =A} Al GNP2| E2t=24 sHatof 25 gt EH 2 EJ}
- 20,40,60nm GNP &7} Al 5 1LMH(17%), 7.7LMH(23%), 12.6LMH(39%) &2 A &7}
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60
808nm Laser off 808nm Laser on
50 50
= £ f
2 3 o SN
E " ; . £ ) T \
g a0t i g st N
AINENENENTEE RN
g 20 g 20 F \
i \ & \
10 10+
0 3 ¥ ; 0

: T } 7 T
virgin PVDF PVDE-GNP1 PVDF-GNP2 PVDE-GNP3 virgin PVDF PVDE-GNP1 PVDF-GNP2 PVDF-GNP3

[Z282-39] Transmembrane flux of water vapor at different GNP size (Feed typology : 60°C pure
water)

2) Electrospinning % electrospray

- Electrospinning : PVDF sE£&
; PVDF 17w%

- Electrospinning : Flow rate %

PNUCRF [l o T+ 1020 : - PNU CRF

PNU CRF PNU CRF

[282-40] 15 ~20 wt% PVDF ZfollA zZHEHEl GNP2| SEM image.

PNU CRF

2) Electrospray
- PVDF 2toi| electrospray 7|2 &835t04 GNPE deposition .
- PVDF 20w% 2t M= (8ml).

7| 2FAHflow rate=0.8mL/h, voltage=13kV, niddle size=0.5mm(21G)E o|&3}0{ 2t XM =.
- PVDF 5w%, GNP 5w% &% Z=ZolAl 2 ™= (2ml).

M7 ekAHflow rate=1.0mL/h, voltage=20kV, niddle size=0.25mm(25G)E o|&35t0{ o X =.
- SEM % contanct angleg Sall 4AME 2o EHI} ApM 2ol
- SEM-EDSE &3dll GNPEX 2t2l
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Virgin-PVDF : 107.8° PVDF-GNP1 : 107.4" PVDF-GNP2 : 104.2° PVDF-GNP3 : 111.3°

1) virgin-PVDF 2) PVDF-GNP1 3) PVDF-GNP2 4) PVDF-GNP3

[82-41] SEM image (X 2,000 and X 20,000) of membrane surface b) gold (Au), carbon (C) and
fluorine (F) distribution of membrane surface ¢) contact angle image of membrane 1) virgin PVDF
membrane 2) PVDF-GNP1 membrane 3) PVDF-GNP2 membrane 4) PVDF-GNP3 membrane.

3) Plasmonic & &&F 34d "7}

- lac—scale DCMDE 0[|&3510{ 1A|ZF Sete| B E5HAE Sol Eel=zY 2 F =3 "ot
— Hl of|{X|(808nm Lazer) =AlF Al GNP2| E2l=2Y A o5 2t EH 2F &I}

- 20,40,60nm GNP A7} Al 5.1LMH (44%), 5.4LMH (46%), 5.0LMH (44%) 22 &7} (40°C)
- 20,40,60nm GNP A7} Al 7.5LMH (44%), 9.4LMH (46%), 8.9LMH (44%) 22 &7} (60°C)
a) ( 23 L b) : [ZZA Laseroff = I C) ¢ —&— 40°C pure waes

=
(%)
=

Transmembrane fiux (LMH)
Transmembrane flux (LMH)
Increased flux mitio (%

A
2

7

A
)
7l

virgin-FVDF PVDF-GNP1 PVDF-GNP2 FVDE.GNF3

virgin PVDF PVDF-GNP1 PVDF-GNP2 PYDF-GNPA sirgin-PVDF PVDEGNPI PYDEGNP2 PVDEGNP3

[2&2-42] Transmembrane flux of water vapor at different GNP size (Feed typology : a) 40°C pure
and b) 60°C pure water) ¢) transmembrane flux increasing ratio of water at different temperature.

4) Plasmonic 2 &/ =3d0lA 2t ¢ HI|

- GNPe| ZZslil =xtofl oSk foulant Zt4; SEM-EDS ¥ 7t AH e
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a) 2% 100.00 b) 1) virgin-PVDF
55 Aux  —#— Rejection rate bt

- 9998

15 - - 9996

3) PVDF-GNP2

Rejection rate, R(%)

Transmembrane flux (LMH)

- 9992

: NN : SR
T T T T
virgin-PVDF PVDF-GNP1 PVDF-GNP2 PVDE-GNP3

[222-43] a) PVDF-GNP 2to| Z2/A 3l MB HHg &
image (5k).

5) Plasmonic & &/ =d0Al 2 2 HILE St Silica particle &=
- 28= 37| w2 4 dfEH AFE 2S model compound M= & gt
| X Zole HHOoZ  TEOS(Tetra ethyl ortho silicate)& YZE SHolA 21

bzl 2 A M2 ZElste 2-2 382 A8l M=
8

N e o
x

AlZ}, reaction stage, solvent =&SH] 25t= Silica YA 37| =&

=]
S5umE SEE A 7|8 7I9= -,

WEEE T (rpm) 100 200 300 600 900 1200

UXtA 7] (nm) 420 415 430 377 364 374

ST 100rpm =@ 200rpm = 300 rpm

- 9 3. o

. @ .
T 600 rpm @ - §00rpm — 1200 rpm

[O8l2-44] gtM 5t silicael 7|2 TEM image
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UXEZ 7| (nm) 430 698 1398

= Seedl &=

[a82-45] 2+ EHAlOf| w2 sjlica 37| B

Ethanol 430 698 1398
AUXI2 7| (nm)
Propanol 430, 740 842 1363

Ethanol

thanol
05 pm Seedl ©5m Seed2

ropanol

= Scaid

panol
Seed2

0.5 pym

[282-46] Ethanol2} Propanole SulZ &AM $H Silica &IAF 37| H|
@ HUAHA=ZH UGBS F AIAHOA o LTy A2 st 9f &x JHE
O Silicate2 &M PVDF 2t M 7=
- AHAZZ M2 PVYDF 2o HteM2
PVDF 2tg 16AIZ+ mukst

- EtOH, H:0, NHy, ZHEZME ALBSt0l, 1AIZt ek 40°C,
H

4
o

4k Al7|7] 2Ish PVDF 22 M2l 3tch 7%(w/w) NaOH 8o

o

300rpm2 2 1mutsto] JiE 2o
M z=stiet. Mx2lE PVDF #e © Z2E(Dip Coating)

=

mjo

gtHo = JiA .
- HEHH S sE= D™AIZ|D EtOH, HoO, NHzel s£&5 =Fsl04 250 £ 20 nm (membrane 1), 150
+ 16.5 nm (membrane 2), 50 £ 5 nm (membrane 3), 37| 2Z7} CtSt (membrane 4) A2|FtE
Mt Silicate Mz=g =Hof| w2l TEZE silicate 37|= ot E2b &3,
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[#2-9] Silicate M =gHol| 2 37| 2/

2t ol & Silicate 37|
Membrane 1 250 £ 20 nm
Membrane 2 150 = 16.5 nm
Membrane 3 50 £ 5 nm
Membrane 4 Ciefet 37| 2=

OAM2 PVDF membrane EHI} silicate2 MA2|= PYDF membrane EH EAM H35}

- JW&SH PYDF =, XMA2ls PVDF 2, PVDF Ar88te| ®ME scanning electron microscope (SEM)ZS
=

ol

- A2 PVDF 2z} Mx{z|= PVDF 2te] E™Mo| SEM O|o|X|& & X}0|E LIERHX| 22,
- J2{L} contact angle #toll= X}o|E EIHE=OM, NaOH 2o PVDF 22 T2l SHHAM PVDF 2o
mechanical integrityZ7} TI2| =7 HESZ EQl.

i 2t&5t10, contact angle 58S S5l &AM Xto|E H|WE
9|
=

Commercial PVDF

PVDF 2fe| SEM image 2} contact angle.

M
o
N
N
N
>
b0
-
<
@)
T
D
_\:_
2
)
=)
]
Hu
=
nA
F°|'

Silicate 370l w2 JHA= stx® H|lW BHESH 23 AX} JI|JF 255 densestH EEEHII ED
o

4B ALATIE X

nl

membrane 4

[:13'2 48] Silicate 37|01| o= ab 39

- Alz|Fte] ARt 7|7 A0 2 EMHo|| dense SHA| EEXE =2 4
(membrane 1: 23.8 ° — membrane 4: 83.27 °)

23.8° 49.9° 97.7° 83.27°

[8l2-49] contact angle image of membrane 1, membrane 2, membrane 3, membrane 4
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O Silicatez &= ot 57 38 Ms(Flux) Bt

- X} 3A717F 50 £ 5 nm (membrane 3) ¢ Alz|7IZ g5 & & AF g MRo Alz|F7} =0
=S omH AHEY|IZE BIHIM &Mool BIUEct MZbEch EEA 2 HoldEX| g HAHEZ0|
b6t A8 E 7] 2o 2 MEs0| SAE[Ucty MZE=EIct

20 100.0

sof i

Flux (LMH)

Rejection rate, R (%)
8

i 7 r/‘,. ‘), / ‘/, 4 % / 7 | 8 /
PVDF Membrane 1 Membrane 2 Membrane 3 Membrane 4 PVDF

T T T
Membrane 1 Membrane 2 Membrane 3~ Membrane 4

[a82-50] flux of water vapor at different Silica size (Feed typology : 60°C NaCl 3.5 %(w/w))
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e
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L. HHAZA 28 olMeix MAALSH S (IEAT|E: RAYT]
O 2E : HAAZH H8 oMK HHES Yt L 23
O &4
- HHAZA 7| MEYICl 2HSH MM BIAIAY AH U NI ez
- eo2d MANE ol
O x2u48
v OMHZAEA Vv HMEBY 2M 2 HE
- JlE UEA YA ES 37| B £E2 SEY| fsh MYSE ol5tE Yal wat Y|
e ®MI|7h 228,

- o2t g deteZn 4o A Mo w2l AW Z7|& (indoor air quality, IAQ)oll CHEH &tA0]
ZOoHX| 2 AUZ. 7| E UFA MsYH2 5 W2V M 22 ddo w2l o|dE 2 ZFel 34
ZHE Of7|AZ7|0d Zux oz ZI[E 2YS RUsto] HLUS fEste 42 &8Y = Ucks
M7t M7= UASF.

- dHHez AMA HGALHES 9 SHYEN2] HHHAZHE 0|E5t0] S7|&2 =2 H o gl
el W2tmY EololM WA £ s oM o A7 SHESHE olodol YA 4 e BHS
X2 UE.

e Heat release
Evaporator ):f)’ Condenser
o 5
\a i
Diry air
=~ * Higher heat release
" J = @ Higher vibration and noise
: é/y e Higher electricity consumption
Water tank S Compressor
mmp Refrigeration process ; Compressor— Condenser— Capillary wbe — Evaporator
mmp Dichumidification process * !
[282-51] &4 HMSAIAE
[£2-10] °ZA MaAl2gel S5
EX| CtA
k= ==
. °C o|5lollAl M&2o| 52435 KXo
. ouimoz Al.RE| 18°C |°|'0“ 4 -”|:|—| | = I -IOI'
== ST or=7 ol3t 2 Hmgl oy
° == |§ [l el B _I_‘U'l T
. =2 Had _ o
Lhe AH|A 2 e TV EHM FHF 2o ofet SEo| & Al
. =
R DHAOR AWYBIE 2% JHs4

- oA HABHE EHM0l e AMAZML 520} AFH o FEsl £37] U +22
HoASHE AFTEAT 244 DEXLHS 0|88 Halotalol AU AHHEA MABHel Mse
ABAA=HMO 7, 53712 AHMA=ZMe HF U4, &5 =7 3o 2o 3 2kX|0, 53|
BHAZHMS SFIt MesMdsol 71 2 J&S olg. dutd oz ALExs HHAZFNA =
H a2 F(LiCl HatZ&(CaCl2) =80 UZ.

[E2-11] &4 H&Al2gol S5
EX| CtA
= o ==

AAE AMETts

) OH | 74 = x| 2] of Moj™ st
HHAZEH S 5372 AYYEez & ¥ 27| o

o4 & 74 = A ©f
— —
reto| ZIbx B
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: Air dehumidifier (conditioner) Regenerator
‘Warm dry air to further

Warm, humid air rejected
ProcessesiToom e i

Cool strong Hot dilute Droplet filter to atmosphere

= Cool strong desiccant distributor liquid desiccant liquid desiccant Hot weak desiccant distributor =
EARARA AVAVAVAVA

«® se

v
E P A
Air passing counterflow # G2 FR
with falling desiccant | \Eg 22 i
a s ? = %—“ g Air passing counterflow
reduces vapour pressure e it a 3 with falling desiccant
it o
as desiccant absorbs b & E E absorbs water vapour,
Watersapour i E § E 2 increasing vapour pressure
1
VB oA 3q
LR ENS
‘

High relative humidity

incoming air Outdoor/exhaust air

Eliminator Eliminator Himinator

—+ - — “— — -

(a) Packed Tower {b) Spray chamber (¢} Finned-tube
Type Type Type

[282-53] AH4 H&BY 57

b=l Aen] O 2o HEItset HAH=AN SFet

-

<)
—

HrHHAEME= T2 Hslelgt G0
Mt A Z

SN2 AR
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#2-12] UHAZAE 54
Al 20| M
AXHdo=z
2= A = A = AL A OF & Ad EX|
o |_ o T o oo = o
:O'let
5Z(R.H)
CaCl 20-25 £ £ oty LiClz} Hel A}
oo ro 10 _ | 1=0M 2 ol oof MM
ycerin - - - = _ _
| SE50-60%0AM B2 TEE &
. . - o S= o 28” MAE g
LiCl 10-20 - ™ oty o=
LHZbRbR| I Q
o 1o = -
Phosphoric _
. 5-20 S i ok FAMT SM0| Mol HE0] o{HZ
acl
Sodium 10-20 - - ot oMol n2Itdn FAdeR
. - T T — o
hydroxide g0l o2
sLA59° oLl EA g
HE22 T m— =S
; i _ =) =) o} X4
Sulfuric acid 5-20 T T oty SAIA o
T 1o 1T |3
Triethulene &M &4gto]
5-10 2 = ok
L=
glycol MMyItset 280l US
Health and flammability hazards of the desiccants [50-52].
Sl No. Desiccant Health hazard Flammability hazard
1. LiCl ® Harmful if swallowed No
® Causes skin iritation
® _Causes serious eye imritation
® May cause respiratory irrtation
2 LiBr ® Harmful if swallowed No
® Causes skin imritation
® NMay cause an allergic skin
reaction
® (Causes serious eye irritation
® May cause respiratory irritation
® Suspected of causing cancer
3 CaClz ® Causes serious eye irritation No
Comparison of different dehumidification techniques with respect to IAQ [97].
Sl No. Parameter Liguid desiccant Solid desiccant Condensing
dehumidification dehumidification dehumidification
155 VOCs Removal Removal No effect
2 Bacteria Kill or No effect Breeding
deactivation
3 PMs Capture Release No effect
4. Camryover  Yes No No
[O82-54] HAHA=MYE 7N
v ONFHEA AAAZH 7|9 MEBH HIISHBH HMAH MSEIAIAY M 2 MHHE
- YHAZHE DS NHFEA 0/ MPAZE (H7|2YSH AU JHsE AIAHS M 3
SRSy
— Air pressureE &35l clean airE 3325t atomizerolM A== KCI, NaCl, PSL 2| Xtet &
us Mol Uz 229
- ol% YHATE RIS 9IF dyers HXD UMM EHA HEE
- WHHESHS 2 TUHHZE S cEE 3251 =5 Sdll dlo{2F el L™t WX FI =2
=AHE.
- §&FHAE 21 5882 HAHE sl SRME AEsHA =0{ SZM= glass ball, SAEH Zef
S ciekstH ® 8ol JhsE




‘ © )z
-cl snppl
Clean air snpply

= Atomizer

= Piffugion Dyyees

%)

® Lignid desiccant 24}

- 24 2% (Ger nozle)

92y 211

=

I'gu id

- Clean aiy

\ o 3

ERIIRATEINNY

- 31z 7\7'14/‘ (el A %2))

0 ® vj4)edz) 2P
‘ — 35) 1 koo X Lo R L£00 mm (T ; 7 mm)
‘ A s L) 2% 5E 4o 0|2
35
S AW 452 42) o Ny 2 ML)

@ 7| ¢

AL 3

]

)
=

L‘}r\

(0 2
T T T T T T T T T il T i T T T
[no]  PART NAME SPECIFICATION | O'TY [ MATERIAL | TREATMENT,
552
335
=
T,
Py 4
A Y
i b
1 f{ 1] sl S A
EE .
N 2 i I‘” o e i — ) 1[:H
=
106 | (28)
& H B
= 3
§! o
b
=
-l
w400 AGHT Bo0Y
o
2 /
2
g
o
=
3
i H i
2
o
0
y BiHALST CHUTE
b it i) sissol, 2T
=
g
L \“_4—«““-”’ ANGLE
460 AB0
[ [ SUSOA.PC [ 1 sET] [
wo | porthame | WG No. Vaterid | g7 | aweis |
w5 | lor T 1M dweoremasfr  KTL PARTICLE CHECK CHAVEER
s S T a

[a82-55]

M A 24 Z=H|

Heasd 272822 MHH I A- HdAZH
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Atomizer
p —— = Air
+ Liquid
FAN /
F}E{Z_ﬂ:'} { e
» ;’ 4
Liquid
Desiccant {
0 0 | S I i s
Particle
counter

Eaerniyx |
HoO o

[182-56] WA H=H

NaCl &2 KCI AFS
six #estn 2

LD tank

7|2

= HAH "IAY Hex

U= HCTM atomizer AFE35= Zdo| &2lH

- LD EAEE2 gEeiJb of ctefstt chEAF Eo0| HEBE He=z mkE 50%50 cm HMHE
78S Al 67 =EZ MA
- Do Z$ RAMo| Jezz YRAMo| e ofaY A
- batch EEjlZ MEIIs
- PSLe SEZSIMEIE |FXISH MEfoAM LDE EAlSID MZEDE He= WHoz A
- SYYH2 HEo Felatelg otk F¢l5t0] particla counter2 E&sh= Z0| MEEE =Y A=
et
v NPT EN AHATA 76 07| 2YSE HH MEAY S
- MEEe 9lEt VI EXE 2 2T Y
- 37 M&E3d2 MYSHeZE LIS HEF SEFEZ tlf =8 & AFuUss 259 s.
Mazd 2o BI7|F JHM Bote AMAZM ¥ 22y Sof AME ZHOR AR ST
Aot Agend FFXN, EAIEA Sofl tish 7= Ao Z old|sh abzkel
- MYSHS MYSH Al 7|29 2EZE Mool st W&o] Moz o|dH|$t Atzo|fien] J|Et
22l § 3 AlAH HEZ2 Sz 7L o|FoXD US.
[E2-13] AT =&
=71 =52 =53 E ==
o Studies of VOCs removed from packed—bed absorber
by experimental design methodology and analysis of
variance, Chem. Eng. J. 157 (2010) 1e17.
OH | 24 = |
o Discussions of mass transfer behaviors between VOCs
and TEG solutions by surface tension and equilibrium
o process, Sep. Sci. Technol. 50 (2015) 1294e1301.
Dehumidifier Material o Numerical modeling and performance analysis of a
(M&E3H) et membrane—-based air dehumidifier using ionic liquid
= gy | 2PPhication desiccant, Applied Thermal Engineering, 5 July 2020,
Volume 175, Article 115395
=22t
o Performance of counter flow membrane—-based annular
pipe liquid desiccant air conditioner, Applied Thermal
Engineering, 5 November 2020, Volume 180, Article
115884
ZZI M (packed bed) | ° none
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2AIEZH (nozzle)

° none

Pollutant
removal

Particles

o Laboratory study of the impact of evaporative coolers
on indoor PM concentrations, Atmos. Environ. 37
(2003) 1075e1086.

o Correlations between short—term indoor and outdoor PM
concentrations at residences with evaporative coolers,
Atmos. Environ. 37 (2003) 2691e2703.

o Experimental study on the filtration efficiency of
structured packing air handling processors, Procedia
Eng. 121 (2015) 2037e2043.

VOCs

o Impact of the Humidity Pump on Indoor Environment,
GRI Report No. GRI-90/0193, Gas Research Institute,
Chicago,1990.

o A Summary of Pollutant Removal Capacities of Solid
and Liquid Desiccants from Indoor Air, GRI Report No.
GRI-92/0157.1, Gas Research Institute, Chicago, 1992.

o Studies of VOCs removed from packed—bed absorber
by experimental design methodology and analysis of
variance, Chem. Eng. J. 157 (2010) 1e17.

Bacteria & Virus

o Liquid desiccant materials and dehumidifiers—A review,
Renew. Sustain. Energy Rev. 56 (2016) 179e195

Carryover(
2H)

Carryover(2%)

o Development of new wire mesh packings for improving
the performance of zero carryover spray tower, Energy
36 (2011) 1362e1374.

o Lithium and lithium compounds, Ullmann's Encycl.

Industrial Chem. (2014) 1e38.

o

Theoretical study on volatile organic compound removal
and energy performance of a novel heat pump assisted
solid desiccant cooling system, Build. Environ. 85
(2015) 233e242.

Regenerator

(HY=3)

Pollutant
removal

Pollutant control

° none

Material
application

AT
o
g

o Membrane distillation regeneration of liquid desiccant
solution for air—conditioning: Insights into polarisation
effects and mass transfer, Environmental Technology &
Innovation, August 2020, Volume 19, Article 100941

7| E}

o Modeling and performance investigation on the
counter—flow ultrasonic atomization liquid desiccant
regenerator, Applied Thermal Engineering, 25 January
2020, Volume 165, Article 114573

o Experimental study on liquid desiccant regeneration by
photovoltaic electrodialysis, Energy Procedia, February
2019, Volume 158, Pages 959-964
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a) ==%: Comparative study on the liquid desiccant dehumidification performance of lithium
chloride and potassium formate

b) He 2 =5
- o AEH (HlRET ZEMLE)S Mg M5 ulm 9T
- L5zt H &7]0l M KCOOHB A S| HM&S4 ZA}

- MME STWAIS M| 28, ChEt STo| mE KCOOHBYSl BVt B (Ra{u)
- KCOOHel HM&As2 stolshy| 93t LCI8YUTe MEMs bnad 3
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1| wD mag O HV HFW  pressure  — P — ¢ | de mag a|HV HFW | pressure —1] T —

10.6 mm 1000 x 20.00kV 414 pum 2.51E-4 Pa Quattro S o 8PM  10.6 mm 2000 x 20.00 kV 207 pym | 2.43E-4 Pa Quattro S
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PTFE 40K PVDF 40K
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