Bk s 2010

TSR 7 MEIZ K DARI0R 2 78 BB i

EH OE— BRI, EA
' E SR FERAFE A N BB S R AI S E B S A e IR I R SRR,

2 ESLRFEN L AR FRABEAI R A TR

B E KEIE%/T (Pressure Retarded Osmosis, PRO) 38 T, JaB I Cha Tl K SR K DR BIEZE4 R AL CE
REEHR NS, @I ELERT D720, FBBEIILEm KB FEIRDHID, MZ CHERO 7= K
WIZEREFELW, EOBIRAT DL L, ERR07REIE D/ L OKGRENE FLTLEIMN DL TH
Do T TAMIZETIX, ZAVEXFHRET T7 Na T OBUK B B0 B B FEA AL C PRO REICHE A5,
SARFENE, BUKIBITHE LT @ oy A2 L3772, BURBRY 77 ME TSR BKNEY T 7 MEZERIL COK - i
REF~T,

R 7 o b =V 5 (PVDF) FEA B2 5L C 10~30 kGy OyiRZE FRE LT, IRUNT, T2ZUVER, AZZVVIEE 2-ERa
YT ), TOUNME 2-ER B =T L, B nURY, AF L UEDE ) v — DI TINERE T, AFL RS T
TRUTEBEII ANV AL Z L, AT L=y "N Bl KD AT L 2V B R A (SSS) = MIEHLT-, A
FLLNDE ) ~—% 7 FT7 T E, EDOFEEFKMEREEL THoTo, BONTBUKIES 77 MED G KSR, KiFik
3, i (NaCl) Fi A E LT,

WD EKBINEL R DI ONT, KiZBERLE RKix ER U, KIFBERITE KT 6,000 mol/m? h IZEL, ZiUE
m%@#ﬂﬁ#ﬁﬁFﬂﬂﬂO@5F%Uiﬂ@%W@ﬁoﬁ“ﬂﬁwﬁm*@@¢%$?ﬁ%PMDuﬁﬁ?ﬂ
m% 5 H D OEMEIRCED, 12720, WINOBUKIEZ Z7MEIZB W T, FTS-H20 K0 &l vKiEE R LR

WRIIFNL L2037, BUKIEZ T T MEEI L TO LTI, GKRENRLTEE, pSSS 777 MEDHE I R b K
7?»0710 EEMZH O ANVREEILD CIOE~DRAZMHI LIS THHEE ZHD, 5k, Fb &y T OfE
DEFERL, 777 ME~OZEEHEEDOfT 5, 512 2 FELLEOZ 7 MEOEAN/RL12XD, 757 a5y 1 O s i
BT 5ZLT, @y KBRERLHR BB L OFRBE HIEL TV,

PRO B/ 3% G- BAEL, 0.5 mol/L HE{bFRw KSR MK Z AL, 0.5~1.4 MPa D+ /) ZFIINL TKDIZ %1%

R AT 572, FTS-H20 MO /KRR, BRENT /) (=/KIEIR DR — FUINE ) IR U CEARIIH R L, 2

Dt B, BUYELT- BV S IE R B 52 L TR T T,

1. BFERBH TLRELZR, B REIHE M TH O T CHRBUL

A ARBUEMBIT D 2050 4ED A —Ry =a—h7 %5
B35, ENHEEEHOREEFE T RLE —
THOIMERDHD, ZOT-D KGRl 0 AR~
N —Z R A LT EOBEANILRPEAL TNWD, £24
0, KBk B EIL, BERERDPREICELIIAIN

TpR MR A R LAIZW, SV oA 2 T0D,
5T, WK72E OSSO KR LR K DR T 7
R T 28772 AR R X —FENERSNT
W5, ZOIKIHIZ 5T (Pressure Retarded Osmosis, PRO)
FETIL, WK ERKE LB CHE OO AN 2%



LLUFOE %N Z, 12355 T BRI L EE T 5K0

TRLF —TKEZFHRSE, KORREH AR EEINE S

ORI YT 2ENEEDH 9, ZOREET, BREEAN

DR TR, FEEENLEL TND, k@t*ﬁrb‘;é‘(ﬂﬁvﬁx

EIZIKODHI CEEICHD, HEMK A TSI E AT
W Te L DR REEH D,

PRO ¥ AT LD B T %, REAEHT
ZECIE, MR BB AR KA FH O G e B & FE kR
#f&&ﬂ%ﬂ&@r FEBIIRAINTE T, HA BRI
YANVIRY ZHFRHRD FIZHAE S BRIV T IR DM L5y
BB AL D, BT S FER L o — A DR
DO CHARDEIELEAT 5, EENEEEZ PRO
FEEICH A L5 E, RO A~ EWE R L
CFHAPITIHEL, _nﬁxﬁlf‘%i«m}zéﬁ ZEDME/ N
L CKRBBRDME T TH2Enbo TS, —J7, FExt
PR s V2854 T, lHoWE Rz imz 5nst
DOKRBBRND A+ THY, EEFEALOL~LTE
TREHNEZROLIENPKRETHD, KBERENEL,
OB R A AROH BB S R S T
25

ZZCARBIFZE T, RENRE S THEIETHS
SR T 7 Nk % RWT, BB R EH O LEEE
BT 5, FBIEOERLT, Fig. 1 (R 5912, £4UE
KRR ORI v ANEIZ L DI 855 18 DAL,
TR B ~D SRR, BUKMEZ 77 MEOE NIZLD
BUKHERE O, &) TFIEN D25, SRHADME &22
LR 2LV AR, BN 77 MEAOT LS A&, #
KEBOES L famEbL, @y KiEiE R RS
LG5 PRO FEBIAF#E72 B A AT 200
HEECTHD,

Polymer solution
Solvent

Base polymer

WFFEHIEEE DA G, K EHEHERRIZE L 7oK
777 N@OMEEERET AL BE LT, by
T, T v ANE T ORER ATREZR AR 7 ke =Y
7+ (PVDF) &\ /=, PVDF J:A I/ L C o708
KMEDZ7 MEZE AL COEEFEAERL, Zo/KEiRSE
EHF AR E L THiR DO IR FRIED RS L L7z,
Nz C, PRO #BREAZRRE RUEL, TIRIERT IR A
AW CHGEIRZTT o7,
2. ARAE
2.1 MEHRTSTNEAICKDEBIEDER

JEX 25 mm @ PVDF 5 ((BR) Z71/~) Z B IV,
HFAT 7 VHIZ PVDF fia$ AL THEIC T L=
HAZFEIEL, 727 T 10~30 kGy DH o~k bt
LTc, W~ LB R OV R 60 77~
HR Bt sk C1T 077,

TIT7NEA T, 77UV, AZZUVEE 2-BERRF Y
TF )L (HEMA), 7Z7VU/LEE 2-tRa¥dx o5 /L (HEA),
HEAE =)L, B = LRAR VIS, B = e rlRy, TULT
=, TIVLVTIR, AFLo D 9 FEOT/ ~—%
iz, Zhe0 b5 Fig, 2 1R, B/~ —0O%
T 7 NHNZE AL TR PVDF A VAR IR E
S, T 7 V% 60°COTEIRARE | Z B N C T R S
ST, BERE = /UZIIAZ ) —b, AF L AT ML=
ZUEEEL Tz, 2SO TROE /) ~—13 8T
KETHLDT, KEFEBLELTHW, 797 NEAK
T, e BRI CgEERE W, 2l1EL L, 77
TNEOB N B R 7T 7 NEI, Hbf PVDF RO & &
Wob(D) TR,

TT7RE (%) =100 x (W;—Wo)/W, ey

Radiation Grafting

evaporation Q layer
L[S :\’> |

S IR

4

Fig. 1 A scheme for the preparation of hydrophilic semipermeable membrane by solution casting and radiation grafting
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Summary

Pressure retarded osmosis (PRO) is an ideal zero-emission technique to generate energy from a salinity
gradient of two solutions separated by a semipermeable membrane. To obtain high output power, the
semipermeable membranes are required to easily permeate water and restrict salt permeation. Thus, the objective
of this study is to develop the novel semipermeable membranes with high water permeability and low salt
permeability by a radiation-induced grafting method. In this first year, I investigated the water and salt transport
properties of the membranes with various hydrophilic graft chains for designing the suitable semipermeable
membranes.

A 25-um-thick poly(vinylidene fluoride) (PVDF) film was irradiated with 10-30 kGy g-rays. The irradiated
PVDF films were immersed in grafting solutions of various monomers such as acrylic acid (AA), 2-hydroxyethyl
methacrylate (HEMA), 2-hydroxyethyl acrylate (HEA), vinylpyrrolidone (VP), and styrene. The styrene grafted
films were sulfonated to convert styrene units to styrene sulfonic acid sodium salt (SSS) units. The water uptake,
water permeability, and salt permeability of the prepared hydrophilic grafted membranes were measured.

As the water uptake of the membranes became larger, both the water permeability and salt permeability
increased. The water permeability of the hydrophilic grafted membranes reached more than 6,000 mol/m? h,
which was five-times higher than that of FTS-H20, the commercial benchmark semipermeable membrane. This
result made us to expect higher PRO output power. However, no hydrophilic grafted membranes can
simultaneously fulfill higher water permeability and lower salt permeability than those of FTS-H20. Regarding the
effect of graft chains, the pSSS grafted membranes showed the lowest salt permeability. This would be because
the negatively-charged sulfonic acid groups restrict the invasion of Cl" due to electrostatic repulsion.

A PRO test cell was designed and fabricated, and the test with FTS-H20 membrane was performed. The
water permeability linearly increased with the driving pressure, the difference between the osmosis pressure and
applied pressure. In a future work, the radiation-grafted semipermeable membranes will be prepared and used for

PRO tests.



