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Fabrication of coal tar pitch group component based carbon materials for

high-performance potassium storage
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Abstract: Recently, coal tar pitch-derived carbon materials have been widely used as anode materials for potassium-ion batteries due to
their adjustable structure and high conductivity. However, the molecular structure and composition of coal tar pitch are complex and
diverse, and the structural differences between different pitch components may affect the structure and electrochemical performance.
Precise control over the microstructure of carbon materials is quite challenging, especially the relationship between the structural
properties of coal tar pitch components and the potassium storage performance of their derived carbon is still unclear. Therefore, it is
urgent to fully understand the composition and structural characteristics of the pitch, and investigate the impact of pitch composition on
the formation of carbon microstructure and potassium storage performance. This work used solvent extraction technology to fractionate
coal tar pitch, successfully separating toluene-soluble (TS ) , toluene insoluble-quinoline soluble (TI-QS) and quinoline insoluble
(QI) component. The TS-derived carbon materials (TS-800 ) is primarily dominated by intercalation potassium storage. However,
due to the limited number of storage sites and reduced spacing between carbon layers, it exhibits poor capacity and cycling stability. TI-
QS-800, due to the combination of intercalation and adsorption potassium storage, has a relatively higher capacity at low current density
(333 mAh g') , but its rate performance significantly decreases under high current densities. QI-800 has a larger layer spacing and
disorder degree, which is beneficial for rapid migration of potassium ions, and has the best rate performance, with relatively better cycling

performance. This work not only provides new insights into the design and preparation of coal tar pitch-based carbon materials, but also
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offers important experimental data and theoretical support for the development of anode materials for potassium-ion batteries.

Key words: Coal tar pitch; Group component; Carbon materials; Potassium-ion batteries; Anode

0 35l

R e R o = o) RV S B i U PAS
K, Xtk BE A A AR 1 RE VR A7 A R 1 oK H
¥, BT TR S AUB REE R S ]
FRgE R bR RE R AR oy SR A SR AR H AT,
BB M TR RE I T . TAER R AR AR
FE ST RIS, Bl R T4 2
ML) T H A SR 08 T M7
Y 0.006 5%, HAERERARY), BRI THE
5 R YL A R . BT E R B R A
(.09 wt% ) , HARMERM A (-.936 V vs. K/IK')
Fb 4 (=714 V vs. Na/Na") ik, 58 (-.04 V vs.
Li/Li* ) AHIES7, PR B 1 oA B N B S T
RO TE, TR R RS 1. R T
B RN VST, (B AR (138 A)
KT TFHER (076 A) , S & AT
i, B E ) A SR OB E LU T
o B, JFRGA . FERRFRIA RN T i R
% B A B 1R S P ) S

BB S AR A R R sp” Bk P 3 20 0 I 58 T
B A Y . KRR RS 1A R T
PR TR, JRE N AT ER
TRBUAK , PEASERAE 0 R G IR ERE" . BT
W, 2B A kAo g TG A IR0 45 o R R AR [
B, AR TR PR . BEEN
AT BB AR, FE R = UL A b
SEONGE RTINS R LA, 0 TR AR A AR A,
ST 200, X ST IS I S b4 8 e o i 10 7 Sk
Yk oA SR A AR R, LR W
BRANKAE T BRI S B AR SR g M 2
UEAh, HE S TR, AR RICRE .
G Jm AN R A BRI AR A, SR A A T A
N WD 7T I O N

WA AR, DUEIE oM RRE, £ 1200 C
T Al A5 0 ) BRI SR A Ak B 250 T IR XA ) ke it
TRZER, B ke ELAT T 1 Al R R B A
H AR TE— 2 R 1 2% o KR T )2 5 A 1 A
ARAET BRI R A K A Ak FRAS B) E AL 7 4
TG, TEREJG Ak BE & AU BE AT 5Bk,
TTERBAL AL H B I A KCHR B, B A b S B T K
MR, m A LT 1V (248 mAh g,
0.05Ag") FmEMHE (192mAh g, 1Ag") ™,
162

T

AP R AR L = T2, et e HeAf
A ROACHO T DT IR, il T BAT R ARGk
Fa I 5 B ok o SR B 44K B A
o, BRI BUBR 4K FAE 1A g FAEER 1000
Ja, EFET 87.4% Mg, RATILRTHE SR R
TR AR AR R T T Y A, HBEIR TAE
T H RN R T AR O SRS, R AR
%, ARIWRA S BV EA R eS0T, HP
SRINTES B SAE R E 25 Wik, KT RFE
R TG IR EE RS TR, 780 BEAR A B
R T T 2 0 1) 53 454 5 B B 5 A B DG I R
A, JE YRR AR ) SRR ) —

AR SRR R 53 185 B R AR [R) 43 2 R e £
RATEY) (TS)  HARARE-MEWAT %Y (TI-QS)
FEWATEY) (QL) , TEAIWFEY T AR L 43 %
BT OR S 52 . AT A SRR, TS TE
800 °C W AT AR A RE (TS-800 ) =% LUHH 2 i &1
RE, ZBRT BB AEGE AL S AR A B2 A B
HAA R AR E R 2% TI-QS-800 HH T4 2
FOR SR AE AP AL VR, FEAR AR TR R A A 34
m, ABAERH I N AR RE B FET; QI-800 HLAT
BARRZ ARG, A A T80 5 5 Podi
%, K% s RrkaemtE, TaAPERemxt
HAL,

1 sE g

1.1 LWHE

ABFFER AR IR (AN 78.01 °C)
YRR AL, K 5 g BREE IS HEDI T A 100 mL FH R
I AZE] 500 mL ) =SB, BT E IR R
M, 65°C FLL300rmin~' BERAEPE 6 h, LISZHL
ST B AR PG AR . SR Y P 22t £ Yk
U8, FEFE AR Pl AR R B RN W AT o
Ve, LM SR TL, IR MG 2 P 64
FIF AT TS, MG, 78 75 °C F Mk 145
A TTREAT AEHL, 15 2 F 28 R 3% - mkonl i 9 T1-
QS FIMEMKAAEY QL. b2 4328 H.25 I R
i, ERSHGETT, 800 °C Hrfk 2h (FHEEZR.
5°C min"') i, 1528 R BIARIC N TS-800.,
TI-QS-800 1 QI-800.,
1.2 HmEMRIE

KA T Wi (SEM, SU-8010) FliE 4
M B 4s (TEM, JEM-2010) %I TS-800. TI-QS-



X iR MW R T A B R B RE DTS

2025 4E5 2 1Y

800 1 QI-800 FY T 25 AR S5 # iE 4 T SR .
X A i (8 [E74E 5 D8 Advance ) Xf#4%}
() SR EE R AT R AE . i P2 615X (LabRAM
HR Evolution ) X} £ 17 H0 & 6 1% M, #OGH
Kl 532 nm. flTHIE BT (TA, ithe ) %k
AT T . A X P46 T RIS (X (XPS,
ZE[E Thermo Scientific K-Alpha ) X} #4 B4 7# mT
E M ERE A 43 . i H 3EE Micromeritics ASAP
2460 1€ 77 K T MK 3RS N, 0 Bl B S0 2k . ffi
NETZSCH STA 449C Jupiter [F]25# AT, 1@ 7E
N, S5 N LA 10 °C/min B3R, s 5 syt
HRLLIMSERE (TG-IR) 456 R s .
1.3 BRFHERERRALE

RS . CHBRRR IR IR ARG S5 R4 7:2:1 19
LA 53 BICFE N-HJE LS Be il (NMP ), 2 bt g
AR, WA HARN 12 mm MR B, JRAE
60 C By HE 25 tp T4 12 h, J5 MY FR BR & 70 Bl N
0.9 & 1.0 mgem " T HRAYHM A HA TR HY
FE# (H,0<0.1 ppm. 0,<0.1 ppm) H, IR
FRYE N X ELH, , Whatman GF/D 3 58 £F 4 0 i i,
0.8 mol/L KPFq ¥ TR 2 4&ls (EC) /BRIR — 2K
(DEC) IRAWF (AR 1: 1) fENHRMR, 4
ZE 8 CR2025 A1 it
1.4 BiEFEiEsemhik

{5 G 24K 22 i Biologic VMP3 £ i HL fk
= TAES T A TR R 2 (CV) MK, ARV
Bk 0.01-0 V, H3# K 01 mVs'. FH Neware
CT-4008 (PRI T BT E L T B 7 ) 03K Ha i 11
TR TR . fR AR IR REYERE , FUEVE R
0.01-3 Vo K HIfE i it [H] Wi 2 2R (GITT ) Pk
MR BLR B, DL 0.05 A BBk R A HEST 900 s
FEOCR, SRIGHERE 2 ho HUL2EBABURE (EIS) ffiH
CHI 760E TAEsh ( LifpRAE ) Mk, KA M550
FEl 4 100 kHz % 10 mHz, JRIEH 10 mV,

2 ZWERSR

2.1 ZEHI%HE

IR AL EI AR AN 1 R, (R
TR R A Ry v R A5 B = AP 4l 4> (TS, TI-QS A
Q) , HURAIHN 41.2% ., 35.4% M.4%, —FhjE
A LLANERE QA 2a FIT7R, 3050 cm™ AR A HFAE
W X 3 F5F C-H M (9 1 45 3R 8 5 2924 em™ AN
2850 cm ™' AbXFR BT C-H 4P 4E5; 1600 cm™
Ab B U1 PR 0 g 0 BBUAR 35 8409 C-C (sp”)
A5 SN ; 1440 F1 1370 cm™ 4b (4 W Wi 1 > -CH,-
M-CH, 51 MR, PE—G U] T ettt

AIFETERY ) AL AN IS HT AT A, TS H TI-QS 20
AR S E AL 0iI=1110 73 U AW

s [T
i = (1) e [~ PRI Ty
L B i) ey (T1-Q8)
(TI) 75 °C S -
L A
o)

Bl ERFRA L2 R
Fig. 1 Flowchart of fractionation coal tar pitch fractionation via

solvent extraction

M
=X
3
g
5 TI-QS
&
[_.4
QI
W
1 1 1 1
3500 3000 2 500 2 000 1500 1 000
Wavenumber/cm™!
(a) £LAMERE
100
g 80 TI-QS 67.7%
2
= 60
L
e
= 40
=
4 TS 15.9%
= 20
1 1 1 1 1 1 1
0 100 200 300 400 500 600 700
Temperature/°C
OEESR
800 t 0.07
0.06
w 600 [ = 0.05
° 0.03
2
g 400 0.02
£ 0
a 200 —-0.01
—-0.02
-0.04

500 1000 1500 2000 2500 3000 3500 4000
Wavenumber/cm™

(c) TS Fy AT U 301 ) A A ol ) SR F TIROG 1
A2 TS.TI-QS # QI
Fig.2 TS, TI-QS, and QI
FHHAE T (TG) XHEWE B BEH #1753
B, & 2b AT, =REA ST T =B
1) 200 C DANARH B, E2 WK BiER; 2)
200 ~ 550 °C NHERAL /1 EELJCE K A], Bl R 1Y
163



2025 457 2

ik A g B K 5531 %

T, S E bR WA, A A AR A,
—HRor A R A, i A AR AT
H; 3) JEE#ELT 550 °C, PR N, HADE
N Tk, REFRB TV, 6 a5M6E
GEIRTAEL, TS Ao A MR S IR R A, B
AR E PR 2, RSB 15.9%; TI-QS 4141
FIFRIR R AR E E 67.7%; AWIFREW, QIIEHN
BEWE P —MEZA S, Rl ERRTER
= AL E YR S T ORI A Y, R A
WUk e AL b g T R g Y, B
QI PASE TE T, HRAR % 5 ik 88.8%. Xf TS, TI-
QS 1 QI Wy T ZH A B AT 43 H1, MR 1Al H,
TS. TI-QS M QI HF T K AL AR, B 7 s 34
it 90%, SHMER SRR, HEA DA
TLE . AT IS HIS F R SIS g
O o RN B S LB W L U 4 A R R A T
L, AR, QAR BTOR TR AL R T g
THEEAHE, WNimSaEmke (921%) , CH&E
k.26, RN AE S HT-LLAMGIE (TG-IR) W58 T
HEWI T R A0 QS I AR IR g (K 2¢)
QS WIRRAL T 23 R = AP BEE JE, 7E 100-200 °C iR
JERRIPA, AT ARG B R 17K (2750-3750 cm ™)
1E 200-550 °C #[H] , WL %< 2 ff & 9 CS, (1522-
1541cm ™) , NH; (700-1250, 1400-1800 #il 3 250-
3500 cm™ ) AIKH CH, (293000 cm™) , X £
T QS H Y R A 7 A A DGR R DX (R A B
Ji, 1E 600 °C DL AR 2]/ 5 H CH,, R TIE
B —2e/ NV, X S IR S5 R

R 1 BHE TS TI-QS 7 QI KT R
Table1 Elemental analysis for coal tar pitch, TS,

TI-QS, and QI
JCEMHT (wWt% )
Hor C/HIL
C H N S o*

T 91.87 4.03 .09 1.10 0.91 1.90
TS 90.21 4.58 1.73 1.06 A2 1.64
TI-QS 91.21 50 77 1.02 0.51 17
QI 9.21 40 17 1.21 1.01 26

* 2RI

KA BT B8 (SEM) Xf TS-800, TI-
QS-800 il QI-800 1y i M JE &% #F 17 3= AE o TS-
800 ( & 3a) Ay TI-QS-800 ( & 3b) ¥JF I MAHH.
WeZM R 24, FLEMRT TS M TI-QS HhH#k
WAL, PSR A R EHEIE . A 3c
HOULEE 2] QI-800 FYJES ST & A A W X 1], AE
164

TIOR8 L G L T B AR (TEM) #E—25 00
%% TS-800. TI-QS-800 HI QI-800 HYFHMIESL ., T LI
MLEEH] TS-800 ( [&] 3d) Fil TI-QS-800 ( 5] 3e) JEAI
FHEL, 4o B 24 EUA, QI-800 AYFIOULLEH4
55 TS-800 il TI-QS-800 A[A], AHifEk 20-500 gk
FIBRIRGEH (8] 3f) , 5 SEM MBSl Fg—
. A, B HRTEM o] LIWIEEE] TS-800 Al TI-QS-
800 HLAAHELE MR, RN FEA )T ik O S
¥ (18 3g F13h) , 1 QI-800 & K AH N 45 0 1)
BLIZZEH (18 31) , 3k —TIOMZS A 3 A ) T4 5
TR A S, AR AR

4 43 3] i TS-800, TI-QS-800 Al QI-800 Y
X ST 81K (XRD ) A4 %2 (Raman ) YGIEE .
HE 4amf %1, TS-800, TI-QS-800 F1 QI-800 7
25°F01 43°BM I AR ST UG, A SDRE R T ki) (002) F
(100) AhI, FRYEAHA% T FETE TS-800. TI-QS-
800 F1 QI-800 [ JZEIEE 4354 0.35 nm . 0.35 nm FlI
0.38 nm. XFEH T TS-800 Fl TI-QS-800 A % H A ¥
IZERE, 1T QI-800 I == ] BE B S 3, HES 5 in
T, 5 HRTEM M ££45 - —3(, Raman Y635 H
(&l 4b) , TS-800. TI-QS-800 il QI-800 #RE. A %
IRTCETERRI DI (1350 cm™) FIA SR 4L X IR
GI% (1580 cm™) . TS-800. TI-QS-800 I QI-800
1 Ip/Ig {43 9 1.10. 1.07 #1 1.14, #i P QI-800
M E R R, M HEEHES Iy, X
PRE Tl I B R AL TR 2 TR A, (R T
B ST HL

X 5 28 % H g (XPS) &l 4c fif 7R o TS-
800, TI-QS-800 Al QI-800 H, AN MEZH 55 f) ik
WA A 55 ) AR . =R SR Y C 1s XPS D T i —
HAUA T 4 ANVERIEIE, S BIE T sp” (284.3€V) |
sp’ (285.12eV) . C-N = C-S # (286.84 eV ) Hl C-
Ol (289.47 eV ) . ¥ F sp’ WRALALER S sp’ Bl Zs
et i) tUAE i BH A BB AR B, TS-800. TI-
QS-800 I QI-800 = [ sp’/sp’ HLAE 7% M1, 2
F11.8, ULEH QI-800 M)A AL EERRERAL, s trahi
P26 HRTEM —2(. R &/ MR X r
il £ FF Y L SR AR R AT R AR MK . 5] 4e 24 TS-
800, TI-QS-800 FI QI-800 =l £H 43 Y Hb. Fe ThI FH,
AR R 1T RIS 2R, TS-800. TI-QS-
800 1 QI-800 YLLK IIFIHA.09. .24 Fil 4.62m?/g.
JEMEFLE A (E 4af) HRof LB, FrA RS
T ALR P FLZS R, FLARSEHRAE 1-5 nm (8], 40
TR IX 1) 1 3 2ok I 500 0 G 2 R AR 43 5 1) = e
JRLH 3 AN R R AROURZE ) o



X iR MW R T A B R B RE DTS 2025 445 2 1)

(b) TI-QS-800

500 nm
s ey

500 nm £ 500 nm

(d) TS-800 (e) TI—QS—SO (f) QI-800

5 nm

(2) TS-800 () TLQS.800 (i) QI-800

3 SEM Hf#
Fig.3 SEM images

3 I/1.=1.10 3
s s d,,=0.35 nm
= 7]
5 5
= - =
= |I/1,=1.07 TI-QS-800 TI-QS-800
I/1=1.14 Q1800 QI-800
500 1000 1500 2 000 2500 10 20 30 40 50 60 70 80
Raman shift/cm™ 20/(°)
(a) XRD (b) RamanJt; 1%
Cls
Cc-0
~ |Ts-800 Ols . \
3 3 ! TI-QS-800
& 2 \
B Z \
§ TI-QS-800 N § I sphsp'=2.2
& = | | : QI-800
| | |
I |
QI-800 A _J ! ! : spsp>=1.8
1 1 1 1 [ — 1 1 1 1 i
800 700 600 500 400 300 200 100 292 290 288 286 284 282 280
Binding energy/eV Binding energy/eV
(c) XPS4ril (d) XPS Clsi¥

165



2025 4E55 2 3] ik 4 H K 5531 %

& ]

= | ——TS-800 PP 5

o / 7 00006 F —o— TS-800

7 —o— T1-QS-800 o0

e - —o— TI-QS-800

K = —o— QI-800

\S, % 0.0004 + Q

3

Z E

5 g

e > 0.0002

< =

2 =

5

8/ 1 1 1 1 1 % 0 i 1 1 1 1 1

0 0.2 0.4 0.6 0.8 1.0 0 20 40 60 80 100

Relative pressure/(P+* P, ") Pore diameter/nm
(e) G0 - g e 25 T 2 (H) fLAE A

4 TS-800,TI-QS-800 F1 QI-800
Fig.4 TS-800, TI-QS-800, and QI-800
. B, 2R e BB B A b A, 0 A
A4 b
3 RLEIERE B . [ Sa-c 2y TS-800. TI-QS-800 Fl QI-800 7F
B UL =R BME R b, AR kA e 2Lk 0.1 mV s~ I TR 5 WAEFRY CV #iZk . B il

0.2
TS-800 0.10 - TI-QS-800
0.1} 0.05 I
< o < O
§ § —0.05 -
5 0.1 1 5 1
= st £ 010} st
3 —2nd 3 —2nd
—0.2r —3rd —0.15F —3rd
——4th ——4th
-03 —>5th -0.20 - — s
-0.25 +
70.4 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0.5 1.0 1.5 2.0 2.5 3.0 0 0.5 1.0 1.5 2.0 2.5 3.0
Potential/(V vs.K/K") Potential/(V vs.K/K")
(a) TS-800 (b) TI-QS-800
0.05 QI-800 30F TS-800
~ 25 0.05A-g!
0F 4
< % 2.0
£ -0.05} z
=
g — st s 13
5 —0.10 - _ 8
S nd =
0.15 —on g
—0.A5F ——4th L
—5th 05
—0.20 -
1 1 1 1 1 1 1 0 1 1
0 0.5 1.0 1.5 20 25 3.0 0 100 200 300 400 500 600
Potential/(V vs.K/K") Specific capacity/(mAh-g™)
(c) QI-800 (d) TS-800
3.0F
Ti-QS-800
~ 254 0.05A-¢g" ~
4 4
> >
S S
2z 2z
£ £
g g
5 5
~ ~
0 il 1 I 1 i 0 0 1 1 1 1
0 200 400 600 800 0 200 400 600 800
Specific capacity/(mAh-g™) Specific capacity/(mAh-g™)
(e) TI-QS-800 (f) QI-800
Hs5 CVh

Fig.5 CV curves
166



X MR BT R A AT A R A P BE ST 2025 4E55 2
MR, 7F 043 V., 051 V 1 0.75 V &b H B0 BH & 300 rss00
fIE S, TSP T AL R R (SED) B 400 1% .05 o TI-QS-800
' s QI-800

1 5 B 2R B, TS-800, TI-QS-800 Al QI-
800 1Y) CV Mk & R4f, $iM] T TS-800. TI-QS-
800 F1 QI-800 Hi KA1 4} Hh 81 25 148 A 5 IR BA
BFIPEA T M . ZEFE RS AR, TS-800 £ 0.4V
BHE 1) S Ak 0 3R BH A B i ABKRZ R, 5 TEM
TS-800 [HEE 2 L5 FAHXT N o #E 1.0 V 5 HL i 3
AR, ULUIREAT S AR IEAE L, FE LU A
b . TI-QS-800 M4 J2 fiff #1155 TS-800 A —F,
{BH CV FEH I FAE 1.5 V UG A BHIAE, B
W B it B4 TS-800 B MIBH 2 . T #E QI-800 1, H
THA BB ERAL, SERZRERR, RN
HH S B BT, DR sc R T 05V R, 2
PUARX 22k, W AR i R R

K 5d-e & HL % 4 0.05 A g I TS-800, TI-
QS-800 F11 QI-800 MY fE L FE M HL th £k o Hh Bl A LIF
i, TS-800. TI-QS-800 Fl QI-800 [ & YKl /78 HE,
72485y B 597/291 mAh g ', 801/356 mAh g il
806/286 mAh g, HXFI (M IR IECRE (ICE) 43
SN 48.8% ., 44.4% F 35.5%. ICE il # 5 Ttttk
A I B AL BR S AR A DG, T8 214 190 ke o Ve J3E 4 A v 5
MIREAR LS, AR T F Y 8. miskibid 24
SEC BT AR, MR ICE. Nk, TR RR
BRI RN A AR o S

TS-800, TI-QS-800 FI QI-800 fY 17 & % fig 4l
& 6a 5% 2 Bk . TS-800 1 THfi 24540 0 =, H
LL2s & FAG Rk pe i 25, TEHL % 0.05. 0.1,
02, 05, 1. 2F15Ag " T al ¥k i 28520 5
{04 257, 219, 192, 154, 121, 82 Fl 9 mAh g\,
FHELZ R, TI-QS-800 FH 47 J22 FHZ B fiff 1 141 55 Ky
B, FHE/ N RS E T AR, BAf
YRR AR T, TEFAEE 005, 0.1, 0.2, 0.5,
1. 215 A g PR AR 514 333, 279,
234, 190, 160, 128 fil 79 mAh g™, QI-800 F 4K H
FUeRHAEER G RS, HAEMRAERSE A RIKT
TI-QS-800, SRIMTEA KR EEL T (5A¢") , H
REAGAEGRF 111 mAh g ' R IEREMNIRX 45 S %
B, TI-QS-800 H.A fie i (WL FL 2 i, SR HL
WHEERT 05 A g B, HAREHFRET Q-
800, 5Ag 50.05Ag " AT HZ B AL N 7%,
HIHZ T, QI-8007E5Ag" 50.05Ag " MAIHEA
WA 40.1%, BAMRHE R GARET, B4
ZVERET ML . 4 QI-800 5T & F T4 SCHk It
B, A RIS ERE (E 6b) o & 6c
S TS-800., TI-QS-800 I QI-800 7% 2 A g F HIfEHR

300

200

—_
(=3
(=]

Specific capacity/(mAh-g™)

Unit: A-g!

L L L L L |qm
0 10 20 30 40 50 60 70 80
Cycle number

(a) fir b e

300 -
: —— This work

—o— SC[ref.1]

—o— HS-HC[ref.2]
—o— O,N-HC[ref.3]
—o— O-HC[ref.4]
—o— N,S-SC[ref.5]

200 £\,

100 |

Specific capacity/(mAh-g™)

0 1 2 3 4 5

Current density/(A-g™)
(b) fEZAERE LLEL
300
= o TS-800
:.;“ 250 o TI-QS-800
o OI-
<§ 200 § QI-800
'g 150 B
o 100 |
b=
g8 s0f '
“ Unit:2A-g"! . . R
0 200 400 600 800 1 000
Cycle number
(c) TEIMIERE
K6
Fig. 6
% 2 TS-800.TI-QS-800 1 QI-800 ZEAREHEFZE TH
ttBE
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