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Estimated Amout of Lithium;
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Fig. 1 Lithium resources ?
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Fig. 2 Economical potential of metal recovery from
seawater; Revised figure cited in ref. (3), based on
current market prices of metals
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Fig. 4 Effect of co-existing cations (Na*, Ca?*, Mg?*, and
K*) in the aqueous solution on the adsorption of
Lit 7.8)
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Silica binder

Chitin binder ~ Alumina binder
Fig. 5 SEM Images of the adsorbents granulated by
various binders %)
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Lithium Recovery Plant
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Evaporated
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HCl recovery

Fig. 6 Flow diagram of pilot plant of lithium recovery

from seawater 59

. :" s
Fig. 7 Pilot plant of lithium recovery from seawater >

Fig. 8 Concentrated liquid and the dried precipitate
obtained by the practical lithium recovery from
seawater for 150 days run >
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Fig. 9 Concentration process of lithium in brine by solar
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Fig. 10 Production process of lithium carbonate from
concentrated brine 819
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Fig. 11 Benchmark plant of lithium recovery from Salt
Lake brine '3
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Fig. 12 Elution curves of metals from loaded adsorption
column of benchmark plant by 1 mol/L HCI %19
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9.) 1. 2013 4F 10 HIZREATT - AK(Z T ChfRE =
ARSIV TERIRS 4L, 201748 H 16
AICR SNz, ZO5MIE, KEEKOKEE
WD N BHIBEH s D A O FE J OB 8 % {7
HZEHRHMELTERY, O, .
BEIEIZEDLKIBOT A 7H A4 7 VBIRIZHIZ5
WERER PO A ED LD Th D, i
MESBIIINE TIC 4 BB S -, 6 4 bk
FIESHE (COP4) 131 > Ry 7 TORMEL 72
ST, B v AV R EYE D B AT
2021 4 11 A2 COP4.1 34> T A T, 2022
F3HIZCOPA2 3xttiE A T A L DNATY
v b HFRCHME Sz, BABLERIL, 1973 4F0
RAIZELICR, ARERIUBIZBA4  Biffr 2 Bk, KER
FEFEY O FAFZ1T > TE Y | KRGO,
RhEEEE L, BT T EEN LR ST
IRERBEFE) O MBI S B A TE 7o, AFTIE,
FIHRIR AT A FESED B HEH S 4 D K ERBEFEW AL
BIZOWT, W7 U7 #ETOER], FROE
FEEOBHDLZ A, A RRITIZONWTHRT 5,

2. JKERBEFEM LI DA

FMRIRT AFEZED DL, IR TER & o
T KSR EAIRKERE AT, 26 OIY
R LR RSN AT 5, KIREHNTIX
T B KERBEFEMMLBIZEA L, §K05 11 &gk
WTAN—BLEKO T TIERK S L7z K ERBEIEEY)
DL L ER RIS 28 T A K714 >
EBERTHLIRDODTNG, HET ITITBNT
H 2D XD BRAKIREKNCH] - T2 LB AR D B
DO D,

PR BLEERR I 2016 4EIC A > K227, 2019 4
[ZZ A DS AMRIRT AEEN P SNk

(BFRTBLER) S ket

SRPEFEY AN LALEL LT\ 5, BPATBILERY I,
IR ERBEFEW) X REBEIE T L 0 KER & [BIIL§~2 JLER
EIToCW5b, BT 7 Tidk, 20X 5 72kiR
RN B AT ik A S L v b EEIE A
Thsb, BARUSNTIE, BRMNICZ DXL D 7 KEREE
TR S KT VT b, AL A,
RA 5 O KERFEFEY ER A 3E~TaH L, 8 EAL
HEEmL TR H D, ZitbDEFETIL,
BB J 0 KERA IR L, [\ L 72K ERIT 22
EACREE UL AKER & L, Bitfb/KERIZ R A >V I2dh
% HU T A SR TR T D L O LB Tk
NELRTND,

B ANV, AT o F DOKERFETED LR A ZE D3
L, BLHCANBVLER X 5 KERMIIALEL 24T -
TV HlbH 5,

fh 7, BLHAVERAS 212 X v KERAIIN & Tl FE
STV W ENIESIZH] » T2 A3 T
TWAHEFLHD, ~L—v T T, BENOFE
FEFEM AL IR FEDS | IKERBETEW) 2 BERNALER L | 4L
PRARME 1T B A D B &AL 5y 5 CHRSZALBR 2 L T
Do ZOHIETIIARBOEMULIIIATHOIL TR
W, v LU TIIKRFENEZMAEL TB 6T,
~ L=y T OEFIZIFA - TR L 7p 5 T b,

L L2, WHBEEKR CIZIZNE TV
FA, XhFT A T4 U OAMKRART A
YR U 72 K ERBEFEW LB O AFLIZ B0 LT
BREBRRSH D, W7 7 TIHKIRE L Tlgit LT
WIEAEZITH 2 ENEREE XD,

3. A% DR

W7 V7 I AKEBOFR Y FAKR Y FTH
V. At bkt L COKERBEFEM OPEL N RIAEN
LHIRTHD, HARTOLEEDO A2 5T, BT
DIKERFEFEY) D IEALERIZ DWW T HRFT 2 E D
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Mercury removal

[1FO4-1FO6] Mercury removal (2)

Chair:lkuo Hamabayashi(Petroleum Assoc. of Japan)
Thu. Oct 27, 2022 10:45 AM - 11:30 AM Room-F (13A Conf. room)

[1F04] Influence of surface functional groups on the adsorption of mercury in
petroleum
OHiroyuki Yamaura', Yuki Nakanishi', Syuhei Yamaguchi', Hidenori Yahiro', Masataka Ikushima?
, Yoshihiro Ikushima® (1. Ehime University, 2. IH Technology Co., Ltd.)
10:45 AM - 11:00 AM

[1FO5] Study of mercury adsorption on activated carbon in water

OKosuke Takahashi', Hiroyuki Yamaura', Syuhei Yamaguchi', Hidenori Yahiro' (1. Ehime
University)

11:00 AM - 11:15 AM
[1F06] Development of simple and highly functional GTL experimental equipment
using mercury containing biomass as a raw material
Okenji ikushima', Hiroyuki Yamaura®, Hidenori Yahiro Yahiro?, Tsutomu Sato?, Naoki Murashita’
, Kota Ito® (1. IH Technology Co., Ltd, 2. Ehime University, 3. GL Sciences Inc.)
11:15 AM - 11:30 AM
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1. 5

f RS BRI B W T, AR T DK
OB EWITREFRME L LTAHETH
%o UL, AT TORIROW S 28 2B
DAL, KIBEHE D TORE L B LD AR,
Fexlx, BisE7R & OWEM OV ORI T2\ T
WAETGVEIR 2 FH WV Al o KRR EMEGEIC
BIFTEACONTREI L TV D, BIEIOHSE D
TiE, TIRO RS IR & WS & 0 £ g
MERREL L TILVARIVEOFEENEE TH
HEHEEL TV,
AHFFETIE, BB RERE S KRS I KIE T 5
BAAMALT D700, HVRFUHEAEAN LT
BRERT S U 7 OF AT, 15525k 2
W TAF Yo T KSR S MERE & FEAf L 72,

2. EBR
2.1 BRFVEEHT D b OFHR

MR T Ty T TR -7 )
oL ) bR Ty) EHWT, Y UA
(it 22> B Rl TRC-SIO-6) (2T v v

Vo 7 %4T0, = U VA RS U F (Si0,-CN)

B L7~ 15 5477 Si0r-CN % 48%Fiile Tiddt
L. Yo« §pi &8 C= U VA DK iE LT
TR VHAER Y B (Si0,-COOH) #1537,
FAEFOFHMIX XRD, XPS., TG-DTA. BET tt3E
EHEIZ L DITo 7,
2.2 /KERERBR

Ny F A ERBRIC L0~ o kERER
ExATol, BERORE (8 0.5mg/L) D&k
FREA~F Y ERIE 20mL & WEA0.01 g 2 =14
77 ATHNZ, 25°C, 3hiBFE L, KL% O
R DKL % JR A0 /A d& & (PE-1000, NIC)
ICTHIEL, WEH 1g -0 OKEEAER q
(ug/g) ZRD7-,

3. BREBE

UM N gl LTI oy T THl%E 8
mmol VT SiO,-COOH % F#L L 7=, XPS HIE T
£ ¥ Si0,-COOH @ Cls A7 RLITHILRF
Hfkov—7 (2883eV)a MR L7z (X 1), F
7=, Si0,-CN 28172 N1s B — 7 1% Si0,-COOH
WCBWTHELEZZENBT YU D= MY Lk
S B N OMK 3 g s AT L= 2 & 2R L C
WHEEZOND, 218 2BV Ty
V7 HIETHEL L7z Si0,-COOH(x) & OARALEL D

REA: (B520HHM - AHLEEHRS)

SiO; & HW T OKERW & &2 HE LR E R
9, x 1% TG-DTA HIE 24T WA O ST
PES EHERDEND MBS b LR UK
& (mmol/g) THDH, ~FH L HTOKIBWAEE
XAV ARFVEREOREME & HICHEPFICEML
oo ZOZENBIFHERZIT TR U AITEN
THINNRFVHENKEERAEICEEL TWDH D
ENbnoTz,

4000
$i-C/C-C
(284.6¢V)
c-0
(285.5¢V)
WO (288.3eV)
2
2000 b
o 1 30 @8 6 m om0

Binding Energy (eV)

1 Si0>-COOH @ C 1s A~7 kb

400 |-
350 |

300

250 |-
§zw-
T 1s0f
100 |-
so]
o

Si02 COOH(0.14) COOH(0.23) COOH(0.32)

[X] 2 Si0s 3 X TN Si0,-COOH T L % 7K SR 75 il 5

1) s, L#sle, @ERE, e, N\
JM, RENE, BB, B S1EHAM--A
b RER2s, 2D09 (2021)
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KENZ IR T DTG MR R I~ D KR AE 1B S 4F5E

(FIEK) OfiEE

1. %5

Fxld, cNETICT VAP E2FEEIE LTH
LU 7=y MERIZ BN T, K & o i TR
FOFEFAIC L0 0 D KERW A ZEB DK = < e
HZEERWELE D, ZomETIIA~FY BT
DIKERW E B DIEVER B OE WA K E o720
KR TOENT D 2o Tz, D LD
REWAE U= O W T E BT R E L
OBRE IR L722Y, ZOFEMIE R Do T
RN, ZCANZETIE, BVLELIC X o TEEMEE
REdL B A L ST IRIE MR & VT, BULER
A% COR MM EREILOLZEEDY 0 ffi(HE)
H BT 2 MHE DKW AEIZED K H I
B2 H0ONERELT.

2. EB

TSR (ACL, AC2, AC3)% N, il A
TIZEVWT 900 °CT 5 h ZULEE L 72351 R(ACI -
900, AC2-900, AC3-900)% HE L7-. I&EMER DL
FEAHIL BET 1%, RmfeME e &1L Boehm i
EEZE AW TRD .

Ry F R AERERI L0 K KSR A5 B
ExIT-72. 0.5 mg/L & Hg® KIAH X4 8 k%
KPTHFET 52 & TR L7, 0.5mg/L @ Hg**
ISR IE T R D K SR YR 2 A B L C R L 7=
IND DOKIRE A KA S0mL & W AEA]0.01 g %
“H T T ANz, 25°C, 3h THlAEEREIT
S T2 SRS RiT t D VIR O 7K SR FE % JF1-48 6 50 T
JEE(PE-1000, NIC)THIZEL, WHEH 1 g H72Y
DIKERW A & q (ng/g)Z Kb 7-.

3. FERLEEBE

AWFZE TN IEM R O R g & Rty
REJLEOOfEA Table 1 ICF L 7. KEFEDOEL
HIZ KX DBbT—FETIE A>T 0D 1150~
1560 m*/g O#IPH CERmfE 2 MEFF L Q2. — 0,
BVLPR% O R BRI RIL, WT I OTEMER
HLIETLTWAZ Enbhol-

Table 1 Characterization of activated carbon

Amount of acidic

Sample Surface area (m?%/g) functional groups
(mmol/g)
AC1 1560 0.52
AC1-900 1270 0.48
AC2 1320 0.60
AC2-900 1350 0.30
AC3 1150 0.64
AC3-900 1250 0.40

feiElL 53 REILVAHPE
.

5 & H L5~ ROV
5k « g -\ 75

Hg KERVAIR T CEMLERRT# OIRE IR IZ L 5K
FRIR A FBREAT /2 o T-fE SR % Fig. 1 1Z”7. Hg°
W5 X, K9 2000~2200 pg/g &2 0, WTTRD
TEMER I W T HBVLBERIR Tl & A EZ{EL
IRV

—J7, Fig. 1 LFRIERORIEE Hg? TITo7-. #E
R% Fig.2 IR, AC1 & AC3 TiT Hg" DA L
45 DF) 2000~2200 pg/g D EMERE 2 7~ L7223,
AC2 TIFWAENKE KT L7z, BULP% DTS
PERIZEWTIE 3 FEH & A BEOHINNRD 5
i, VLB CRmMBEERREAENME T L2 &
EEZEDED L, H OWAEIIIFR T HE
ERMONOMEDRERLTND LHfEETE
5. FEERTIE, pH & DR SOV THBET
5.

3000

i

ACL ACI-900 AC2 AC2-900 AC3 AC3-900

g

Amount of Hg” adsorbed on
activated carbon (ug/g)

Fig. 1 Amount of Hg adsorbed on activated
carbon before and after heat treatment

3000

Ll

ACL ACL-900 AC2 AC2-900 AC3 AC3-900

y

Amount of Hg?* adsorbed on
activated carbon (pg/g)

Fig. 2 Amount of Hg*" adsorbed on activated
carbon before and after heat treatment

1) 8 RoLFE, SHERE, ULz, \=HH, &
B e, REENE, 47 BlA - A eEE
Fiez, 1D02 (2017)
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e )
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B U7oApagirl rimb koAl 5, & oy 7k
L) NEHEI TS Y,
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KPR EETNTEY . KBBRESKEATHD ?,
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7R EBRAEE 2 B LT O THE 21T O Y,

2. £
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2.2 R FEEREEE OLER
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FT & 2 13 30 KRR - 200 CREE DA & LT,
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3.1 KERBREDFRER
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HL7Z2NWE MR ZES, £, £-1 OKBWAE &
Id. EHEIT 705 g/g. TR RUNEB5Tug/g. AX Y
X413 ng/g THY T ARS WNKEREREITHET S
ZEPHoT, BLEXY NS F AT AROIKE
FREIZIATRE S b b,

F-1 KW EEORE R

R re/g
=% 705
Tty 557
P 413

3.2 FHmSEERAEE O RIUE
TROICEE SRR 2R T,
OB RS A EhpikE (X-1)

JEREH 2B I ANA A~ AT A & 02 DFE, RE
RS CE | ROSENTIEEE, EJIOFRENRETH

Do £ SUGERD A A & H P ITBEER T 23R E
SYBERRIT AR 2 o EERIL L, Ry 2 ERTE D,

-1 BN A asREX
QFT & Ak I E (-2)

JFUEFH ZHBI% CO & H2 DIREH A DI, ks
T & ROSEIXIEEE JE ) OFRFE N ATRE T D,
FOS#R DAL & H I o 25k &, BT I
R BRI L. By R ERTE D,

-2 FT & R it X
-3 | FBRIEB O LR AR T, HITHiTEE ik
(ZBUS R A B E S RN 3R 8 U BB R <
ZEEORmVEIE L 7o TV D,

-3 FRAMLFEBREE O 425

4. £&®

A K AT A & TFRAGIR TR 2R & U To B ke
WA SN TND, NA A~ AT ZAOKEPEREIIEE
FOFETARE L ORERZFT2, BT, BT RE
K O BT A Bl oD v BEFRAT 73 ATHE T 5 70 SEBRAE
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(51 3CHR)

1) S 1#2, THT 2%k, 59, 1, 16~20(2019)

2) BRIRISSE &, L 52, 5 38 4F2, 1315, (2006)
3)GL A = AL & 1 7

DX C ORI R & 2

) REEIEDL, ~brT v 7,39,1,47~51(2016)
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