M1 - PRI MY DN NTR

2018 ,n"ywnyp  nemaAnTn ' R Viian kil
37381 MmN 19010 )
mNthpn navn (1) :0°MOD)

MowoPpR Nbav (2)
DYN2 TINDDN (3)
LINPNY M¥IP (4)

[l Akdm)

P NN

JNVWUNDY arnanawn N
D719 W MR PORYA RN NNom NoRWH MR .3

. mTP 40 — AN — PRI
mnp 60 . — Y 710
MM 100 — 5"nD

Lo mavnn Yo pavnn . v Imn Ny N 2

SN MORY VWA W PURINPIAY D (1) mTRen RTa LT
JINN NN NNAZ PEY I, DV IR M0 8- 1 MKW 19 PINK 9331
{19 Ty} NPNIN NIAND NDIY NDWNL PO Poy MNDIN MIWNN NN
DPWDN 25 DY MIys wr § nonwa

7 gbY By nyb POy MMBRY wn v nwn 793 (2)

(T N, mEhn AWRY) DO103 TNSY PPN B Y ,00T19) DTINY 1393 1P¥NAN 130K 1D
11N20 1305 mTab by NPHAT NN N0 09T PV 1AW MNP Dt .aere IRy 53 W neve” D

JTRNS DN MINED DNy 10t 11&’15: Faainivabiakaly 11'mw:| PNINN
inYsna '

/977 72yn qwnn/



D)+ 37381 'on NMyWn X 0N -2-

MONYD
(mmpr40) PYNI PID

(MP3 2.5 — norw 9ab) 8-1 MNWN DY oY MY

MYSND MDD Y2 DN NIP ,MYNY 1aY

AT ONDRN AW 9N NI YIIN YN AoNY 527

(19 TWy) NPNIN NIIND PO IPHHAT N71I2YW NIV D NINIY NIWNN NN

FMPIY ATIWNN TN THNN (T-R) MND NRANY N¥1wna X by 100 ToRY 731

7292 TR X 007 ¥ NONY 902

;70 YW 22 NN NoRY w RO PINNZ Y72

DP9 PINKY NEN

1S3 PINYD DTIP I TIDIWNN NN 30V ¥ 197 ,)IIWNI MR TWONN Y93 YO INTI A0 DY

NN N POY 93 IR PN

8TRb 7 $3Rb DY TAN Yy OLIPNA 1 DM DN
JODOPRITI PP 0D 87Rb ownn 77,0981 DXODIPND LN

PTIY2IN TIPN D
878 ovownnwn, B mmp o0 §TRb oIpNATWNY N
. 85Rpp, SINI DATIONT 12002 MY 87Rb mwraomiwn TN A

. 55Rb Hw 707 DILNA DAIVIVPIND 19VNN AT 87TRb Yw 5 0% DN DINLPYRN I9DN )

\ SPPOPRYTY AP Mo I S'RLCL ) madma T

TPIINRN 19307 Y IPWSUn NIV TTID? W D3R oPmIY DD 3T Z 1 X Deman
YW 2303 Dpwn P X Mon

© ¥ 2301 KRUN PO IR Z TON

h 71200 TPNN N

. Z TIDN DD DY PN NPYIIRD Amas X 7o DIBR Yw PO INDR K

.Z TN MR Y oPTIN PO X HON DRV oY 3

ATNA INEI9KLA B RN Z 1 X MTIDH 0 N2Apnn n:n:rmﬁ b

. XH, 0, Hymrnoy X 7D 5w 1 mn nnon. .7

Tiya ywnn/

*

*

A



NoDy+ 3738100 NPV X2 M0 -3-

JDONKY PRTIN :DIMNN MNP0 DY 13200 MNNDIT I N P1ad

o) 0
I i
H C/C\CH H,N~ “NH,
3 3 2 2
PN ANTIN

220 TN NN

PSR DPNIOPIR SY DI 19001 10 NTI NRIR KW ANPIINI DNIDPIR DY D00 19000 R
JIONN Y

Joempporn oown”, H o smor v DIPN DY Sy mnPna A

7293 0-7T-7 hwpmmvr@ THIXN POIN S MAPHIARN PA DN ANNNR DY MNP P )

DD MMPOI Oy 11270 YW D M3 POXR 2w MNPON DN NN DY MAPImWn 7

oo, E@-(NO3)3(S) AIPIN 51 0 6.05 Hw nonn T By, nwnn w2 0.5 w0 nTayna

. 245 e Fe(NO3) 55, ¥ 119107 707
M TDNa NO3 (g 29 2w 0000 MO NN

0025M X

005M a2

0075M

0.I5M 7

/4 Twaya yunn/




2+ 37381 'prn 0YYWN PP L000 -4 -

0NN DYD MY NPIYR NN NN IPOND AN LS

SPOND NN YW AP YW 320N NNTNY IR NN P07

O OH

JPOND ISP DY P91 19NN MR DY NYDNN DITZ NN T-X D770 IYIIN 7795

2101 TN NN

.4 N DibR 2w P¥PNN NTR INY 1 1PN DN DY PERNT NNTT
3 N0 DN DY NI NITY MY 2 18N DILN DY NXBND NXT
@ N0 3 1IN MDR P NEDNN MIT

@ 27 4 yoNo DR Sy P¥BNR T

#

WX

N

JIV-T oy MDnn yaIR Sy DNN) DN a0y nYavd

nOMNN 119 MNP AN
(M) (>"n)
0.3 200 HNO, (a) I
02 300 NaOH(aq) a
03 200 CH,4 OH(aq) 111
0.2 150 Ba (OH)Z(aq) v

Y30 DR TN L T-N YA YN 97

IV noepn by pH -5 v 11 novnn »w pH N
LI nowon be pH-npmay 11 nomn v pH. n
A nomonn Sw pH-n T 1onn? oon 001 IWND

19w nennn by pH -n IV nomn® DM 2970w IWND

Tyl enn/

N

-

A




1993 + 37381 'Dp ,NVWn ¥R 00 -5-

DN P2 2702 TIEON P NNN NN (rumenic acid) noapn nsmn L7

TPINYT NNEIN D IHP2M0N DY Mann RNDHMY PN Ny Piob

O

OH

71220 LAWHN N T-K PUOWHD NYIIN ‘]’)D‘D

. Ci7Hg, Oy 2300 20310 M¥mnn 5w m > mn pnoun R

+ C18:2w7cis,cis NN 1IN0 NXONN b awpnn own - .3

JDII0 MINA NI TPINTAKNN 2V NPT DNDN DIWPH P TR 2

L6 DN YWD MEMN DNIAPY PIYY IMIN INmND LT

EL

0__ 111
D H2(g) + Iz(g) _— 2H1(g) AH1 = 11kJ

0_

IR DPASTIIN by Dy 0NN PIody nbapa -

:(2) 71 (1) mawn N mnmn

H-C? |Cce-C¢

H-1

I-1

WP

431 242

299

151

kJ
(m_ol) WP IPITNIN

THya Jenn/

? AHY 5w wnm

—184k] N
+184k) 2
—52kT  a

+52kI 7




+ 3738100 ,n"vwn vz vn -6-

»

DN — ST WINII YOP NI

{MM23 20 — AN NYRW) YINRY -8 DYoYDN 2259 Y, PISUSOPN TN .9

N DY NN IPONY NNOKI DY ' kd

NN D291 DY 1PN MRDPND DenTn Do DPAN N N KN, NH3(g) ATNNN
M NI YN Sw DNINa, Hz(g) B PD Pavay, N, (e) 1PN 13 12 120N2 wyna
070N DP5T DY N9 monmn 955 173 NP | IIDIN AT YN T R W Pon T
9) PN D2NNIW DIUN N2IDN 5y P95 nyown v ia Vs Retbriab) .'n>b:mn PR MNPR by
' ' | NI9DIDLNY CO, (g /90017 1oND
’) DTN AR MNP 2K DRI PNDN N 055N D5NN PNSY DO B9TH geilsp)
' . NIV 22 DYDAN INZI,N27I01 YN 92 (BN NN

Thna 19PN YP22 PNON NPOND Y2 PHAN ATV N TNOIOD DDV DOWTH
| . Liggy 0119 n3mmna wimw nuy

¥

e CIPIEPY DWARNT 0N 19INI DN Ponnnaby

N

2(3)\

IR
monwn
-—
III o8¢
AIVN MNPH 2180 )
DYINNN NH; (g)

N3N TIIY DOMIR D2A2WN WS TN Y231 DWNIRnH oY nnn

"

Wwnn/




203 + 37381 'on ,NYVWN VI 100 -7-

- ' e

: Li(s) TIIN AN 2971772, DWTNIN IPINX MMPHH NP, IPOIUR 1 1NT DWRnUN 1 abpa

Liey »momn ovmeb 5w 1 9apnn shpwn o117 orpaym, LiOH(S) STOPIPN DPY NN
. LiOH(S) AL N W'

202000205y, Lis N, 1730 Demeb s . Apmnvaoy Li . ann, I abwa
3%) Nogy (s)

N0 5y, LIOH(S) - NH3( y ATION T DYV H2 0y Aoy L13N(S) 2oy, 1T a5wa
Li, N(S) + 3H20 — 3Li0OH, . + NH

(s) 3g)

JANOT Y 0N Ponn vy, T a5wb b3 Stzatin nbmhb M 11 2593 W PP TR 0Py
JTNN IMYI9KYa Nz(g) DY 2290 TPTPY 23 3,1 PYANY 29PN OPIYNY DWITH DTN
DWHBIWA NIW MW PHON P7ON2 MIWONN N ,iPWYN DWPK PN PPIY 1T2¥01 NMOY JYRn
BTN m”wyn [RDERED:) \{amb A2, AL RN DWTNAD TINNR MNP

Jeskins A. (2017) "Lithium could hold key to sustainable ammonia synthesis", Cliemistry World :7 DK

el | &

022 COz(g') TN D028 Y930 NPPI 3% -9 TRINK PNDRD NPOn IPWYN LN

TPNDR DW M ponna CO, @ D291 YT, YOPN A Sy 1200
. Lig N(S) PN Li(s) PANPONPON NI R2TIN DY IND 2

. LiOH,, bw pronn ponn nx nos. LiOH(S) DM VORI ININBA PN Se [ abvwa i L
D222 DN 0] PP IR NN-)PE0N,902-mmn — 11 abwa nenannn 7300 90 90 vip it
AP DR PN DYORIN NN, N0, 0nn .00 o0, 1T 2bwioxyvap il

TN LiOH(S) 2 3 70 ,$0P2 WOINHN POINN DY DA DYISwI IANTN e by T
AOH( w0 375 NHj ) 5w 1090w pon’ wan i nowa nwynb Ix. NH;y,y 2w 1 92p5
TN 200

D717 DANYD DIWITI NN NPONT SHNYYN PONND 172903 NMSY PoINN DN IRANS 1Y .9
2123 YO71 THXINDN MMITN D NN NPON Y¥ MPNTIT PN TOX PO 103
1 qwnn/



~37381'on N"yN PP AN -8-

(mmpy 60) 2 PID

(PTIPI 20 — N9NY 930) 14-10 mbuwn'm wizw Dy My

1M S 199 NP NI3N
DIIPN YY YW 1197 |0 PO NN 1OY RIN DIPIP .10

>0 KT DIPIP 10V TN, TR AP0 D51 87 (0PN DY 70T 0w 1) DPNREN MY N N

R sianRaileaisialen

TMPIANDI DIPIPN 10Y DY 111NN 80 2V YOWNY DY DNTND DY I20W b, a DTPIN

NN TR0 DN D999 TR 1100 P NI, b IR a TR PR yap
IPIT PTY MAIN S¥ M2 HNR B2 DIPH 1RwIY DTN A

0D NDH NPT NI MY MEMN 2¥ M3 HNR L DIPIP LIy Dr7Iy»Iva b

DN PN YOS PIND YWD PRI 1Y oy 3
e _ : 2NN P i
Y SY PIPNN TNMRIDAOH NN PNV WYY DI YOV DY PINTIN ANOIA0 DR YIP i

ANAP DN P 000 12901 N (MPNIYYTN T2y KOW) 2¥20

DI JOYL RYDY TAIOIIO NINPINDID A

PRI HY NN NINDNT PR DX 197

Ao 3 ( lauric acid } IPTING NN D¥92P0 PINI0 Hw PPN
APTINGR NYMNA DY PR D im0 i

IR0 DY APNITIN NINNI FIPNNN JUNA NN Sy AN NHONY Xon s piwt i

woya qunn/




3+ 3738100 NIYWR YR NP -9-

SYT 72071 193 NN TPTING AYmMN 7w D03 moopn T

. CH3(CH,)yg COONa( 9 LOTNZ M PNADA MY D3 WU IR N A
DY) NN DY PN NN Y NN 90 DTN i i
DN FPRT PNRD XN DY N3N RN — NaCQ(aq) W NaOH gy — WINAPR yap

VAR IN 21
AT DY 3100 ,.D9-TT-N) IIPYPRIOPN 02 BIP DPIWP ¥ pIRD PINOPPINPL i

EL

10 Twaya qwni/



37381 '0n NN VPO -10-

12 aNO) ﬂ"IDm’D’]\DU
2N Y nnonn, Nzo(g) 23800 JPINTT $32 NPT NIRYN A1
Ny Oy O 44 wAab 1w A Woohi K

- Oy PN DN 6.4 v Y 2 Now B mv ol
N IMDINa DAPIMK D231 Y
I T ovren v 0%
D3R IN P 230 TR0 R, 1w I ,oomonn i neN vap
LB omannynon 2 vy A cDiann o1

B obmannyny mw A 210 yno I

JXRN PN PIMTIDY PSR Nzo(g) ,577°C Synmmvienvl .3

PMNoY NpOg by PYPON NANN AR PNINDY i

00°C Sw nMBEI9KYY o7 MR MM Ny O,y 107337 PR Lyyn T 9D PIY DI WP i

g ATP MNYH NY 91 DN YNSYW TY,MPT L N3

2 22900 N2 Oy gy by DPSION TODHI NPYN NN N1II NI PI7Y MI-1 oo Yo N

DN 1900 DI 190N DN 1909
sbaa Oz(g) by ] Oz(g) by s9na Oz(g) by

w f

T L CLLE L EEE
=+ fmmmmemmemm—ea

- [
(mp7) (mpT)

— ot
(mpT)

Ll

I . I 1

Tnya Jenn/




0D) + 373810 NYyWN 2P NS -11-

EANT N FPNANY 37 (TN D792 J8N) nwﬁvw nova, O, (@ DY nrv1 Ny O(g) -1 YRR
LYTINN I AR ANIN

JON 9Y NN 1201 PIK DN 1Y DY NINYD POV Havonn

. OZ(g) " 707 Ny O(g) 5"n 30 v TN PN DN ﬁ:mvn 5w " 100 -2

DTN NINYIN YR 500 qrw S90nih i) 731

R 921 R Doy Nzo(g) Sy DINP2INN DTN NN YN

Pesn AN V9

MM

~p 25 NI TR O 1 Swnan  —

Dppon 602-102 woppinbeom 112 —

F

DPTIVR P90, 91 28103 ,7123 YN 2NN )j7IN7T D2IONRD i

Ny Oy 5w P 2.92 Yo DIPY MRS YINWD TYPDN 291

797NN NN INMR DNONRD PPN Ny O(g) Ly 33 TN S N PN 0

22N AN DI
AD 25 MnaTnneNIma 1 Yy nain m

:nannn o vy, NH,NO; o, PDPIN BYHOR DIH 1 by NZO(U) nn IR Don ameyna i
WA PINTYIT 5w ¥ 2.92 pran 1 nunrTn NH 4NO; ©) Sy NUHRN DR YN

Jrhwen DN 9IS

/12 Twya e/



-37381°'Un N"YWN YR 10D . -12-
u‘l"i\?)ﬁ?’bﬁbQ] NN NINN
P NI, Cly oy M2 - npow noNwn 12
195 (3)-(1) Mannn 9 ANN Y22 anmpn TNR M M9 N
0y g+ 2Nay — 2NaCl
byt Fay  —2CLE,
€y gy +2H, 00 — > HCLO, + Hy Oy + CL

(aq)

2130 TN IN 1NN NI Cﬂz(g) OX ¥2i7,(2) 71 (1) Mannnp nnx b3 My i
DPPIN D vnbwa M moN v (3) manna i
LDPPP2NNA0 TR 732 M2 MIONR DY PEHND 1XIT N Y3

TN DA NN D3N BN 29,8000 71 2m CL, (2) DN ¥IP, 3) nmnmay il

DN VMM, AQ(S) PPN T 200N 007, Cl, @ ;N9 1 DT UND i .2
._AQ(S) PN Cﬂz(g) 12 N2NNN DN 1) DD

? Cllygy W noRInMNI DY Al DI 405 1230 13w MANNI MY DNWEIR WD i

PWOR DN D95

, CRO5 01193291, CLO, 07199758 01 132, M2 Y DPMON"IT DI MK MDA >
~CLO™ ,omiva nnomm
AR MINN MTNN DY DYYa Py N, 7,3 D9YD
NV D270 IVIAY Y pYT nwnwn, AQ(S) - NH,CR0 4(s) OMPIOYDPIORDY NN D
S05w (4) NN 0 by 1an% D91 NN DN
VH, CRO ) +3A% — AL, 05y + ABCL;  + 6H, 0, +3NO,

:) 20N 0 5y AQ(S) 2w neNnn mod by NH, CRO A(s) 9 0.6 Sw YT NN MDD |PIna

SN AN P19 9% 12NN DIPRNY DN Y 92190 Now IR avn

A02 35 R nn 1 by noim nonn RN pn

va qunn/




23 + 37381 "o VYU PP 00D -13-

B gEiGanl 02(g) - MPND INYN P2 YYD, KCQO3(S) ;\911‘73 Poun LT
D1 NN Oz(g) EAraliyia KCQO3(S) LN DYNITA

JDYap NN PRl . KCLO, w KC{ — qounn ann 2w anoiam »mn ¥ap

2PN NONY NYRYR NPmINPRT NND, NaCQO(aq) LN M aDNn. A
.NaClOy 0% 3 UMD IR mnpR nowan Ye 5’n 1002

RN TN D15 I DN CQO(’MD 37> Sy DN M0 DN YN

14 Ty N/



+37381°DN NIVWN YR -9 -

» 2200 D002 MNIDIN

D00 YN 1N D9 00 Ko, H, SO4(Q) Jenomoson W13

PYIRT )0 PN VY, Ca(OH);(5qy »TOPITM PO IO DY H,y SO, () 020N B721990 WRD
{"02x") CaS0y, »MON L

VDN MD?) JIas

— ~+ 2 —

e 0.25M n>»ma H, SO4(aq) noewn S’n 20 2onw 0o M1y DYrRbn
NonNN v phounn maomn nx ¥rm Ca(OH), (ag) DO 2"n 100

20771 997103 NDRRN YY TPYHRWRN MPHNT NPWN NN FONIT JOND 1EN PIsY 0

My
mhnen

r=-=-r==-=

il . NN N
0 10 20 30 40 50 60 70 80 90 100 Ca(OH)Z(aq)

{5"n) wrowny

At aonnn by mysmnn B nmpawToaaon i N

2N AR 919 MO wnnwn naw Ca(OH),,, Nown s s nNawn i

Nonnn 2w pH - NN D D TOININTITR NDNIN PN A
.B Mz neonn by pH -0 Ppoapmn 9y A ampia nomnn Sy pH-noaxsm i
_ T R¥PN 1I0N
.B nmpianwnnn v pH-nypmaxpmngnaw C ompianomnn by pH-n»aNeny i

418 N¥DD 9300

aya qenn/




0Dy + 37381 'on NYVWN VP MY -15 -

nopn Y"1 300 oy 0.25M n:ﬁu H, S0 4(aq) TOPD S"n 200 227y 1K W L)
(P 180 ND) 5% Sy Yapnn wnTnw 1103 0.3M 1213, KOH ) » PR pou
| ' ' UNINNY NN 1Y MO Diw
9909 18 DD PN AN Y pH -0 0 A317In DY DR vap i
2SN AN D79

9P NNY NNYNN ADHNA Kz;q) NP Yy MR NPIN NN VN il

PPN AN 979

6 Ty unn/



23+ 37381°'0p Ny V2 0% -16 -

AN :ixp 3 23N
NN IVYI IR P YTRYM DOYTR 1PN DNw qwna 14
. CysHyy 0N 59902900 yDNDNY 10nna K00 M0 ANYw NX 1300 TPIAPWN NIINN
270 12 12971, 29192 MDY, NSTPI P ;229N K DPWHIIN DA R0 D 1310 IYa ¥ XYM
TNNAY O2 (@ JNPNN OY D97 NN

« CosHsp () YW MDD RO MDD AR XY NDY N

A1T2YNT DXTRZN DI NDNIT DPOW 3 ) 2 DIOYD
12N2 MIXNY TY YT NT0) MYDRT 17 N0 DX POTA SPMZE0 N PTA,yw 1) WPY DY RSN
' .m’ésn MYN, DN NP IR
MMBINTNIMIWHnITn 1 A

JIIP NP3 130 N2 IR 1) R P15 100 DR YA i

"5 H52(g) 2Y NN NN AITTH LWOWN FIB31IN DN P71 N DPoTNn M 918 S npyan

AMR P DN DN DTHYNNID,MPT 10 qon1 vl hoe N .

.07 1 727779 N0 NonY XY

34k 5w C,.H D7 1 5¢ NoWn NN NOSOIW P3INA MINIY KX 16N %0 by
251152(g) ,

2PIWN NN LIS . Cys HSZ(g) 5m 1 Swnown nmana, AHY APIPIN PADMIND NP DR WD

nya qwnn/



D) + 37381 'on ,NYywn YO 1 -17 -

. AHS = 126% 20N Cys Hsz(ﬂ) RN T OYTIRD 95N

.Cyg Hsz(ﬂ) Sya 1 5w NRDHN NoIWH 12NN Nava AHY 5y 197y DR avn

2N DN P9
JPANIN INNYT P97
MOTIIN
(kI}

4

Fe

[N TN T by DMININN AN DX1300 NN 712 DY) TN1IN02 IRNYTI DX P
- CysHsap) ow NN nown manm CosHsp o bW ARZHN NN NN

ooxnnn AHY 13y I nTanmay mmmneT1 0o

it

Ataly NTTAY D PYIN DY DN T WD 71Y1

SYIP RN DY TPYIN 2P

3P N0 DTN NN DTN NN

SR 1IN AW N NANY DV IMDIMON

tnbyna

SN NPTOT MY DIIEPD MO
TPAN TR MYI1 KON D0E7 W P00 PR

APVIP NN NN NPIO P TR NI ABINND NS

LN AR T NF MY DM DMP NITD VN T NP0 P OYD

(8)-(1) DTN nyaIx v

At FFYTRY WD 93N NPV DX DOPANDD DYTINN DN 00 PN

(1)
(2)
(3)
{4)




