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(57) Abstract: The present invention relates to lithium transition metal phosphate comprising Fe,P crystals that are in the form of
nanorods, a method for producing same, and a lithium secondary battery produced using same. The present invention provides lithi -
um transition metal phosphate comprising Fe,P crystals that are in the form of nanorods, thus enabling the high-rate characteristics
and the low-temperature properties of a lithium secondary battery produced using the lithium transition metal phosphate to be im -
proved. Furthermore, provided is a production method for lithium transition metal phosphate wherein by adjusting the exhaust con-
ditions in a firing step such that the air current direction in all or a part of the inside of a firing kiln is controlled so as to be the op -
posite direction to the material-progression direction of the firing raw materials, the Fe:P crystal nanorods are comprised so as to
have reproducibility.
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[Table 1]
1zon |2zon |3zon |4zon |5zon |6zon |7zon [8zon [9zon |10z0 |11z0 |12z0 |132z0
€ € € € € € € € € ne ne ne ne
AA175 |60 |37.5|37.51(37.5 |30 (15 |75 [0 [0 |0 |0 |0
o 1
A6 |6 |18 (30 |30 |50 |50 |50 [30 |30 |18 |6 |6
o 2
Hl3ll6 |6 |12 |12 |12 |12 {30 {30 (30 {30 (30 |30 |60
o 1
M]3 (60 (30 (30 [10 |6 |6 |6 |6 |6 |20 [30 |30 |60
o 2
[91] #2471 35 1904 7} zone™d W 715 T 9]+ L/min©| th.
[92] A
[93] A7 AA e D v ale 2 E Al 2E gE A QAst= ol o gk SEM w3

i

ol

=
AE 52 A % 6ol LERY I, XRD 34 HE S 5 7 WA 9ol LFEFHATE
A8 XRD 2 SEM @] AMS R E-4 2712 v g

[94] SEM : JEOLA}F2] JSM-7400F & #3 (¥4 24 : 10kV)

[95] XRD : RikaguAl2] D/Max-2500VK/PCE 4]

[96] (32 Z7 : CuKa radiation, -5 2°min’!)

[97] 3 7t

[98] Ao F vl o A A H = FE A3, 57 A Q] Denka Black, HFSITE 91

Zed g9l £F Q2 ¢}o] = (PVDF) £ 92:4: 49 SH| & Z9sto £ed &
Azstsltt 471 €28 E 7 E (A) T ol L8k 2’ sto] =
A= =3& A 2sk o

[99] o2 YR A, S e R ugsA PE Al E e e H, Asd 2,
1.3M LiPF¢ EC(ethylene carbonate) : DMC(dimethyl carbonate) : EC©] 5: 3 : 29]
S| 2 23 8 & AFEste] =l A gl e g i ol AFA A & Al #st el T

[100]  AlZHe A& 25°C ol 2441 7F X & &, 2] Fo|AbA A F A
A & 42 (Toyo, T475-HR)E AF-&-&1aL, Bl ~E Ao A S 30~452 A4,
CC(Constant Current)/CV(Constant Voltage) - =0l 4 0.2C2] A 7= 54 ¥, 1C,
5C, 10C, 20C % 30C] A7 2 W& xlastar 24 zbel A o] Wbl §3&
A4k

[101]  Z18]aL,25°C 2 -20°C2] 52704 0.1 co AF= FWA F 7He]
WAEZFE S48k 8719 2 (ol whek AL-tiH] A & =
Tt

[102]  WAEF H(%) = (-20°C ¥ & FF/25°CHE 8% )* 100 ... (1)
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[103]

[104]

[105]
[106]

[107]

[108]

10

71 7ol whel S8 AAlo] 1 W x] 2 H ko] 1 W x| 29] 2 F
= AR Y] A ] A W g3 ' S
o

ARl =& 23 529l & 520
upE AR 8719 3 20 YER AT
*
[Table 2]
A tiE] AL |1C 5C 10C 20C 30C
W &%) (-20
°C/25°C)
AA e 1 [70.7 % 146.4 140.4 135.4 125.5 110.2
A2 1697 % 147.5 140.1 134.0 122.8 103.1
Hlaloll 1 669 % 147.1 138.6 131.7 118.4 100.7
Hlie] 2 |64.1 % 150.0 139.8 130.9 1179 [98.5

#2}7] % 194 1C, 5C, 10C 2 20CE =49 WHA -8 ¢9]3= mAh/go] t}
A7 B 1E FEehd, 2 o A Al 1 2 20 we Al e E A
¥zl A9, vlald] 1 H 20 H|3}o] 4b T
dol $-8-8 & 4
F A AiksE 9 SEM ARXLE YER = &2 Ui A
45 A EY, U 25 3409 Fe,pA Aol gl& A Qilts= mel Ao
1{1_

A
o m

8 B 5 QAT vl ae] 1o whel Az U A QAL SEM
A2 vhehl s 5 510X 65 AR BA vhe 25 9] FeP A4S 34154
it

wal AA o5 2 v ald S w4 ZFE LiFePO,2] XRD 34 H&
i sle]l Yelhd =7 2 8& A B, Ao 12 29 A5, 314 7H20) 40 ~
40.5°, 47 ~ 47.5°21 W oA AT A E YJERY =u], 7] Y 25 370 0] Fe,P

(@) A
Al AL < 4=t
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T84

U= Z = (nano rod) & 32| Fe,P2A A & X &35t 51719 &84
12 2% = dF dola4 1 3te
g‘tfﬂ—/d 1
LiFe,M, PO,
(F,0<X <102
1 o] /eltt)
A1 8ol Ao A,
7] Y= 2 E(nano rod) B 79| Fe,P A4 57| thH] Ho] 9]
H)7F 1~ 2000 Q1 218 53 02 o= & dolw% ikshE.
A 1ol oA,
/‘}7] U= 2 = (nano rod) 8732 Fe,P 442 o] 7} 1~10um©] AL,

FAZE50 nm-1m?) A& 5 02 dh= 2 F Aol QibaE,
;ﬂ 1 glol] of A,
B dola & OWE}” o X-A 3] A (XRD) &4 A
0)°] 40 ~ 40.5, X 47 ~ 47.5°Q1 "9l A 22} )95
ghi= g H dolws QIAkstE.

, M2 Ni, Mn, Co, V, Cr, Cu, Ti & Zr 5 A e ¥

or 2
i

o

7L(

A

v 2L N =

ﬂr&—HOWr%c%éon:é

2w o

LiFe M PO,
(F,0<X <102
1% o] grol th)
A 7 8ol ol A, A7) EF Aol F4 o]/\}ﬂ%g X-A
3] (XRD) 74 Al 314 71(20)°] 40 ~ 40.5, & 47 ~ 47.5°<]

, M2 Ni, Mn, Co, V, Cr, Cu, Ti & Zr 5 A e ¥
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WA 742} S A9 A5 24 Fe, AR S X b 218 542
sk g Aolw g ikata,

Al 7 el 2hefA,

F7] SR A AR S AR, Y] AR wpA e
AR AT Q2] v AR E 1A o2 3l

o,

7] JEh e HH71 o Zwj71ZEE 871 (1)~ (6) T ol =
shtel A NEsEE xdeks AL SHOR sz o F
HolF4 OM@}EA Az,

X>Y...... (1)

Y>Z...... 2)

X>7Z...... 3)

JJr 7¥7ke] mi Al w712
1 4] 4 7} 7}7ko] w2
Z 57 W7 Abolel

i 715ko) AL, 7] Z+= 7
i 719wl 7] o), Y= 4]
A= gk 7] 7-2] w7 o]t}
A 7 8ol Q101 A,

14
()
)
|
S X
,u o> UN

A7 SR F 7Rl AT Al TR ] F v v R
B 2dste] A7) A E W VIR7F V] A g1kl A
A7 LT HFORZ YN L F 3RS SR o= g R
Aol 4 AAst= o Al =4y,

Al 7 8Fel 9lofA,

A7) ARl A A ] 2 5 600~900°C2] AL ER o7 Fh=
2 F AolF4r AiketE o] A=Y

Al 7 8Fel 9lofA,

371 EAHE = H, N, B o] 59 E37HAE ALE8hs S 917
Bloll A A& %™, A7) HyiE 5~50 L/min, 471 No+= 250~295 L/min
£ g ROy A9 Ex oA 3= gl F o) F4: o143l & 9
A 2
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