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Turbast aktiveeritud eriomadustega susiniku tootmine
elektrokeemilistesse seadmetesse
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Turbavarud Eestis

* Maailma turbarabad sisaldavad umbes 550 gigatonni susinikku

 Eestis POhja-Euroopas rikkalikumad varud: 22% (~1 miljon ha) Eesti
territooriumist on kaetud soode ja rabadega

* 300 registreeritud maardlat
e Aastatoodang ~1 miljon tonni (lubatud tootmismaht 2,6 miljonit tonni)
e Kasutatakse pohiliselt energiaallikana kombijaamades, aianduses

* Eesti turbad jaotuvad: hastilagunenud , méodukalt ja vahelagunenud
turbaks;
keemiliselt neljaks klassiks: bituumenturvas, karbohidraatne, ligniinturvas
ja humiinturvas
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Juriti kahe erineva turba
kasutusvoimalusi:

* Vahelagunenud turvas- Keressaare soo (AS Tartu Joujaam)

e Hasti lagununud (nn mudturvas) - Maollatsi maardla (soo) (AS Tartu
JOujaam)

e Sobivamaks osutus hasti lagunenud turvas
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Sunteesi kaik.
Detailid: M.Harmas, et. al., J Applied electrochem. 2019. https://doi.org/10.1007/s10800-019-01364-5d

e Turba blenderdamine (peenendamine ja kuivatamine)
* Pirolits 450 kuni 800 °C juures (temperatuuri tostmise kiirus 5 °C/min)

 Susiniku puhastamine mineraalsooladest ehk pesu
* HCl-i lisamisel happelises keskkonnas (pH ~ 1) 12h (T = 60 °C)
e 20% KOH lahusega 2t (T =70 °C)

* Filtreeritud Milli-Q veega, kuivatamine vaakumahjus (50 mbar / 80 °C)
* Leotatud ja loputatud Milli-Q veega 12h
* Filtreeritud ja vaakumahjus kuivatatud (50mbar / 80 °C)

* Edasi puroltus fikseeritud temperatuuridel alates 1000 kuni 1600 °C juures
(T kasvukiirused erinevad (2- 4 °C/min)



ZnCl,

Synthesis: step 2
Activation

Furnace

i

AlLO,
T X"““

700 °C,2h,5°C min!
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Synthesis: step 3
H, reduction

Furnace

ALO,

)l 1 N

\

900 °C, 1 h, max °C min!

Reghonaalarenga Fond
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Pore size distribution by surface area

PSD, m"2/Alg

PSD, m"2/A/g

PSD Surface Area

Specific surface area at 900°C
Sger 180 m2 gt

ore width, A

PSD Surface Area

Pyrolysis temperatuure: 1100°C
Specific surface area Sy 240 m? gt

Pore width, A

* Meso pores formation
started at T=1173 K.

* Mesopores are inevitable
for high energy density
devices!

 Same materials
demontstrated specific
surface area values
Sger=1000 m?/g or higher!



Materijal

800°C KOH-HCI

800°C KOH-HCI 1000 °C
800°C KOH-HCI 1400 °C
450°C KOH-HCI 1400 °C

800
700
600
500
400
300
200

100

SBET SDFT
m?/g m?/g
357
314
222

800°C KOH-HCI
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N2 co2
Vtot VDFT Smicro (t-plot) Vmicro (t-plot)  SDFT VDFT SDFT
cm?/g cm?/g m?/g cm?/g m?*/g  cm’/g m?/g
363 0.085 0.23 320 0.18 690 0.78
309 0.11 0.2 126 0.056 680 0.56
200 0.035 0.16 74.63 0.032 480 0.41
90 0.04

CO2 SDFT vs VDFT

800°C KOH-HCI 1000 °C 800°C KOH-HCI 1400 °C 450°C KOH-HCI 1400 °C

B SDFT m%/g  ———VDFT cm3/g

N2+CO2
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Intensity / a.u.
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—— PDC znCl,

—— PDC KOH
—— GDC znCl,

1000 2000 3000

Wavenumber / cm™
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Raman spectroscopy data

1350

* Graphitisation process started

Black — 600 °C at T=1173 K!
Blue — 700 °C . _ _ .
Green — 900 °C * Materials with optimal electric

Red —1100°C conductivity can be prepared!
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Hard sphere carbon structure

SEM TEM

GDHC 1100
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Electrochemical measurements

e Active material with mixture of binder

(PTFE), roll-pressed, S,cirode = 2 CM?,
thickness L =100=%5 pum

* One side covered with Al-layer (3 mm) by
using plasma activated physical deposition

* Two identical peat carbon based electrodes
in 1 M (C,H);CH;NBF, + acetonitrile (AN)

* Glove box, O, and H,0<0.1 ppm

Hohsen Co test cell

=

{ Spring: 0.2_20kg

Spring Guide

PTFE Q-ring P18

Upper Body

Silicon O-ring
Metal Plate

Working or Counter Electrode
_15.95 or smaller

PTFE or PP Guide

r::}\hh"“—'—"—"— Separator: 24 or smaill

Werking or Counter Electrode
16.15 or smaller

Insulator

PTFE Q-ring G-30

Lower Body
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Paraller Capacitance / F g*
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2.7V, AN

—— PDC znCl,

— PDC KOH
—— GDC ZnCI2

0.001
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1

10 100 1000
Freq/ Hz
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1 M TEMABF, in AN; AE=3 V

—--PDC X1
=-PDC X2
-+PDC X3
—--PDC Y1
--PDC Y2
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Liitium-ioon ja Naatrium-ioon akud

LiNiO,, LiMn,O,-prospective

Li+ja Na+-ioon-patareid

=>»viga palju erinevaid modifikatsioone
=>» limiteeriv staadium on Li+- (Na+)

Interkaleerumine (tungimine) voi
adsorbeerumine
grafiidikihtide (kerade) vahele

Separator

Aluminum can

Positive terminal

Negatiivne (CLi,)

Positiivne:

. CHARGE .
LiMeO,-xex Li, , MeO, +
XLi+ DISCHARGE
Negatiivne: CHARGE _,

—
C + XLi+ + Xe_ DISCHARGE CLlX

Negative terminal

I .
EESTI RI I A ﬁ> Eesti Teadusagentuur
GEOLOOGIATEENISTUS ¢/ Y\ Estonian Research Co

t Council Ewoopata
w

Eesi
twevku heaks

Eurcosa
nadlaren



E vs Na/Na*
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E vs Na/Na*
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Esimese puroluusi temperatuuri moju

1 M NaPF, EC:PC (1:1)

800°C KOH-HCI pesu 1400°C

E vs Na/Na*
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0.2V,
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50

100 150 200 250 300 350
Q (mAh g7)

450°C KOH-HCI pesu 1400°C

m0.1V m0.2V =15V
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Laadimisvoolude platoode analuus

800 HA 1400 NaPF6 EC-PC 1:1 450 HA 1400 NaPF6 EC-PC 1:1
m(0.1V ®=0.2vV =Kogumahutavus
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C/T(15)- Purollusitud 3h, Ar, rate 5°C /min 8000C (2 h) juures: ISl 1.1 art.: R. Jager et al., ECS Trans.

2019,: P. Teppor, et al. J.Electrochem Soc., 2019-2020. ettevalmistamine I8ppjargus.

EHT =

200kV Signal A = InLens Date :14 Mar 2019~ 200 nm
WD = 2.7 mm Mag= 100.00 K X Time :11:02:05

E . 2
%

-, ', 5 A
i

" Co-N-C/T(35)"

EHT = 200 kV Signal A = InLens Date :14 Mar 2019 200 nm
WD = 3.1 mm Mag= 100.98 K X Time :12:02:54
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s - The as-received dry peat was
ZnCI2 activated e , mixed with water and blended
o N Do ST B e A > with a blender and then left to
ai dry in an air atmosphere.
Carbon material was
synthesized by activation of the
hydrochar with ZnCI2 or KOH
with mass ratio 1:4 at 700-C
ST ——— using heating up rate of 5°C
min-1 (M. Harmas)

WD = 2.7 mm Mag= 1506 KX Time :11:17:31 WD = 23mm ag = Time :11:39:35

clement | cir132) | cirizs)

Susinik 83.41 84.56
Hapnik 9.80 11.10
Lammastik  5.68 2.49

Kloor 0.43 -

Rani 0.30 0.97

Vaavel 0.25 0.75

Alumiinium  0.14 0.14
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C(T132) Co-N- FeCo-N- |
w- C(T138) |c(T138) [ Co-N-C/T(132)
Sisinik 83.41 83.92 81.02
Hapnik 9.80 6.19 7.19 o - - :
Lsmmastik  5.68 5.75 5.43 fif Ju
Koobalt - 2.97 2.20 S e IR e e
Tl i ) By “ FeCo-N-C/T(132)
Kloor 0.43 0.15 0.28
Rani 0.30 1.02 0.35 :
Vaavel 0.25 i 0.44
Alumiinium 0.14 - ;
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. —Pt/V

——C(T138)
—=-C(T15)
——C(T132)
——FeCo-N/C(T132)
——Co-N/C(T15)
——Co0-N/C(T132)

——Co-N/C(SiC)

-0.5 0 0.5
E/Vvs. RHE

1 1.5

Eestl Teadusagentuur
Estonian Research Council

;;;;;



Il UNIVERSITY oF TARTU

Turbast toodetud eriotstarbeliselt
aktuiveeritud susinik sobib
elektrokeemilistesse stisteemidesse, kuid
valjalikud on vaga siistemaatilised
taiendavad peenuuringud!

Publikatsioon: M.Hérmas, R.Palm, T.Thomberg,
R.Hdrmas, M.Koppel, M.Paalo, I.Tallo, TRomann,
A.Jdnes, E.Lust:

Hydrothermal and peat - derived carbons as
electrode materials fornhigh - efficient electrical
double-layer capacitors:J.of Applied Electrochem.
https://doi.org/10.1007/s10800-019-01364-5d

Tdnan tidhelepanu eest!



