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Abstract The typical lithium-ion battery electrolyte was mixed with equal molar ratio of ethylene carbonate
and methyl ethyl carbonate as solvent, added 1 mol of lithium salt LiPF in 1 L solvent. Theoretical calculations
showed that the saturation vapor pressure concentration of typical electrolytes at 28 °C was at non combustible
concentration; experiments verified that at 28 °C, the mechanical sparks generated by grinding stainless steel
rods with grinding wheels, the 13 kV electrical sparks from stove igniters and the burning cigarette butts could
not ignite the electrolyte. The main products of electrolyte combustion in theory and practice were water and
carbon dioxide, with low levels of harmful substances. The weight content of hydrofluoric acid was less than

10 in quality standard, was less than 4% when the electrolyte encountering with water; based on Chinese
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national standard GB 5085.7—2019 Identification standards for hazardous waste General rules, this low

concentration of hydrofluoric acid was environmentally friendly substance. Based on the industry standard

HJ 169—2018 Technical Guidelines for Environmental Risk Assessment on Projects, the critical value of

hydrofluoric acid was 1 ton. Based on the standard, the biggest volume of one tank was 200 kg or 1 ton,

hydrofluoric acid when the electrolyte encountering water was less than 8 kg or 40 kg what was not exceeded

the critical value, so the corresponding environmental risk potential was type I, and the evaluation level was a

simple analysis method.
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HL VR e o P AN AR AN o FL R AN B 4
TS, BENE 200 kg AR T S i, B4
1 000 kg AR T3 Ay it AR A & 7e
FHRARSERA, kAR E. AEREN
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Table 1 Vapor pressure of typical electrolyte solvent element

- - . BEE&E HZLH =N 20°C MR KN 28°C M1 =AMMBE 60 °C ML
A2 /Iq\ 5 5 0 y 5 O g o . - ) o A
i RL st Oy et (O) e ke EAUE (kPa)  FIZESUE (KPa) #UE (KPa)
TRER .07 g EC 36.4 248 —3051 11 0.003 0.005 0.050
T I A 445 i PC —48.8 242 —1 590 8 0.463 0.646 2.078
Wie — 2.l DEC —743 126 —1585 9 3.699 5.151 16.521
#x2 HEEESUNEMESENRE
Table 2 Concentration of saturated vapor pressure of electrolyte mixture
T LR 2 (mol) HE (25+3)CHt 60 °C X3 20 °C a0 28 °C M 60 °C A
(EC 5 DEC JEE/R L) M) LEL (%) PESE T IRME LELy (%) FERRIRIE (%) FARIRE (%) EAEIRIE (%)
50%EC : 50%DEC 3.0 4.0 3.6 1.8 2.5 8.2
40%EC : 60%DEC 3.6 3.3 29 22 3.1 9.8
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Fig. 1 Test photo of ignition source in work scenes could not ignite electrolyte
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Fig.2 Photo and structure of stainless tank with electrolyte
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ST I A, Pk R
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A8 B 200 kg BY 1 000 kg o AR 2 38 7K T
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4 HERREKEEN S RERKE AR
TEIEE

A7 18 SCHE 2R B 1 Fa v ) R SR K R A
W, SRR S B EE Y AR
JoR A B R SRR (HF) L E o id 1070,
£ 1L RS HA 1 mol HI8EEE (LIPF,) , /K4
SN A RR & O T 4%, TR
T2 %% B FRUE T/SPSTS 043—2022 (FHE T
WY TAERTEY P, BB LiPF,
+H,0=LiF+POF,+2HF. )i i) JBE /K Jii & (3
A4 g/mol) : [E4& LiPF, v 152, Wik H,O A
18, [h{& LiF 5 26, <& POF; A 104, Sk HF
N 200 B 1L HFEBA 1 mol #1E (LiPF,) , &
1 L R AE 1000 g, A4, BFRDRNIG,
TE R ) SRR i 52 23 500 = (2 mol X SRR B8 /1K I
&) BT AR TR =4%.

7 5] KM AL 27 i B 28 (ECHA) ' LiPF,
HF 12 EE077, B x5 B &k
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*3 HERSHYRIESH

Table 3 Concentration analysis of toxic content in electrolyte

Xt GB 5085.7-2019

% GB3000.28—

£ B i 5 Pl 2 M T M o Lo B 1ty = MHAE K GB 7 <+
L/l re 2B i) S TE VRO F AR VR R 2 R ) T A 508522007 skl 2013 Eiﬁ;ﬁéﬁ%ﬁ
K -
i —— BPE IS OAE BB ECo>
WA o s, M8 NOEC(21d, #1.2)=26 mg/L; R RO DORL L me L
ot LiPF 152%  NOEC(21d, fa3)=4 mg/L; ST s B2 11 LDao=329 me/L 1 000 mg/kg AT . o JRAWIBEIKIE AL
¢ SEEME: K& 0 LDsy=50~ ;u%;ﬁ?ﬁ%lﬁql %,7]( ﬂ@)%jiﬁo BB KTE RO U 4% 1A
300 mg/L A<t anmg  OEON A% AR REX KA R
] e ’ 8 WAL i
- 1075 # HF, ECso(4d, BI)=43 ooy popeh 0 HRARAE, AL
B <10t 0% HE, B 100 gL, X 10%mglL, NOEC(14 & $3)=3 b, SRR H0
R o e X 10 mg/L, = MR MERE T R T X 105 I} % 7]
HF X gf‘lri%’gfci}g;c (’ijg) LCs0(60 min)= 1.2 X 10° mg/m® HF SAEERIEIREL o
HF) =50~ At s o o o o
H e o ‘(‘;%/fn’in';fﬁ 4%[M HF, ECso(d d, $39)=11x  ATHbRME, MARHGEAK W bRE, AR
WK <4 1307><.10L\B5:l50167m P 10*mg/L, NOEC(14d, #3) =13 R ED N 4% K IE R & 2 2
AR e & X 10 mg/L, SAEFMEMEH . R AWMBRED ALK 4% KSR KAE
[ LCs0(60 min)=2.9 X 10* mg/mg ) YL E
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FrUE T/SPSTS 018—2021 (T 53 ()4 2
TR T AEY PYHE B B, LI
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MY (GB 5085.7—2019) H Wi NI L8 1 &
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M B THE T BRI At . (2) MRS RN
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SR hRHEE ) (GB 5085.7—2019) N3R5 &
R, MRS %5 15180110062,
LA 110 3 P b 2 A IR 2 i L s ST R R
3 1 HHES 5

5 HEFRREMIREK BREFEREIT
ERE

LA VB S S A4 ] 200 kg 2R 1 000 kg FIAS
BN R L, AT RS E N
3~5 g, BN HLENIR B AR FH 3l 7 H i AR v
TN 300~500 go

HJ 169—2018 (I H P85 XS PEN HoAR
Y A G S LA 3 (6)

GCO=2.33q XCXQ (6)
Hrp, Goo N84BT A5, A4 kgls: ¢
NABRBE L, BUE 6.0%;: C A RS &,
O NS 5MeniE, BN ke/s.

WA IC N 1 8 200 kg (V4 2% B ) 8-
1 000 kg (577 HLitb FH) FLAAV,  BRJGEI TR mT 23 Ky
3 min. 5 min. 10 min, X2 HWIE K5 FHE
3~5 min ARSI R DL

S PR R I B R & 0 e (42 130 C,HL0;)
MR — 2.0 (O 73 CHO0;5) BIZERr 130
N CHOgs KRG F = (7X12) + (7X 12+
10X 1+6X16) =44%.

BEES T HIAT 2 A br i B R HEME X LRE 71 H
12 K/, A SRR K 53 X ) B R RS K
60 m. FEfE 60m. f=E S m MR AR, XR4E
B IR X = (60X 60X 5) X 1243 600=60 m’/s.
ZE 1) g/ > R TR LSRR SR XUTH 0.5 m/s,  XFRZE
I R = (60X 60X0.5) =1 800 m’/s; 5
S PR TR ) H W GE, B 2.0 m/s, XA
55 E =7 200 m’/s.

BRI A i — A k) R R RS,
BJE Y CO REEMNFR 4 Fir.

Ehr GBZ 2.1—2019 ( LYETa FEH IR
WAEAPRAE 28 1 85 P AEFRER) Filt:
— AR E AR X, B A AT $4{E (PC-
TWA) 4 20 mg/m’, SFRAKFSE0N 1.6 X107
SIS [E)ME (PC-STEL) Ay 30 mg/m’, X} NAAFR 7
N 2.4X107°, HER 4 WA, FFET EEEbR
B R R B 85 R — A BR SUAR R RE B) T AR
IRTEWRE . KA 90% 1—F i
FIEwE, AAERE OH RIMIEK CO,, RN
FFER AN CO+OH =CO,+H".

6 FRIKTE R EREL R E AR SR E
EF 2RGIZE

HI 169—2018 {7 ¥ I H R XS PR B
Sy SRR SRS . BRI RE 2 4 LA

T4 SEBERERRTCEN-SURSE

Table 4 CO product volume of one tank electrolyte firing

MR BRI B S5 8EE Pk LB (els) JRERGE 0.5 mis BB T RREE 2.0 mis BB AL
i (kg) (s) B (kg/s) £ WA BE B ALK

200 300 0.7 0.04 0.002% 5.0X10°

200 600 0.3 0.02 0.001% 25X10 ¢
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FRvE TEC 61508-2:2010 HEAT M 7347 22", it
BRI U R IR S HL AR R R R 22

T PN BT T UK RN R AR A 1 M 2R B
WR GHERSAE R 1107, Jyal 20 XU
FEFE) .

(1) BRI 1E — BEAMM B Rk B, R
TEN R P ML RE g 4.50 m, B4, BREH AR
BT R I RAMIC T RAEAR e FEXS R R 77 o

(2) RIEALHTHTIK S S/ K AT (T K A
DALY, RRUKIREERSAIAE R 70 15 em
PR, 27 em P9 E5H RS GRZEHEAE 1
IKKEKFRE) , 40 em N B i AR GRS/ 40—
EHKFRSE) ;60 cm SN B AR GREWR A
BEARHKE K HUBR K AT NSEATRFRRE) .

(3) XoF ¥ 7K e 55 K4 43 AT A 2088 1 4 #
FIRAE N RIEIR R, BD 4.50 m, “TIIEAAE
E A, BY 0.60 m, #R#EZEN 0.05 m, T2
e A= (LIRME —FHME) ~ GX =) =
26, HEA WK =1—NORMSDIST (3 X T.Z#t
TERED =1X107"°, Jya] Z2ms KK

HUMRBUR R MR 2R (T B B 3 o, T B

RO T] 2 SRS

7 eSS

O TR B - HL I H AR VBT PR B8 () IRV PREATY
IRZHFTEINN, HfRR A4 (LiPF,) , RWIAH
FHY, HEERKEREREE (HF), £28EFY
i, FEERH TS R ER, ST AR B

AR T AR T KB A A R
(ECHA) HIEHE, X bbb il 3 AL A fé A6 0 25
P, A ERARE TSR, HE ST R
WOE K R BRI L, IR T B R e
IREZE A=A 1) CO SURIREE, isE 1 AR
B UF RRAE . SCREERER . FEAR IR A 2 2R 08
K2 TE UM E AR IR, R & 7 oA i@
i 1070, G K TE A OB R SRR T 4 B
I 4%, XTHE (Rl R4 abn @y (GB
5085.7-2019) fG & R 4 nlbritE, BT E
i AEfERT ;S (S R BR A T
5 28 oy MAKAEREEREF) (GB 30000.28—
2013) ARt N K AV LB IR . XA S5 F) i

LRI e A<

Fy=F I XF,XFsXF,=1X107"°F/h

AND

A RCKIE I HK) HLAPRAHE

F>,=1X107*F/h (—4—i8)

Fi=1X 107" F/h (—#—i8)

R e NEENIPNL
Fs=1X10"*F/h (—4E—if)

BHERK KRR
Fy=1X10"*F/h (—4E—if)

B3 ERARRIRIG KA 5 A

Fig. 3 Failure tree analysis of electrolyte firing



4 3 MREARH . 7 et RO B U 105

Fa RS i B 45 (MSDS) 23k F K & /K e i 4 21 iR
i S WL R AR R 2 A i E T
— .

TR R E (N 20~28 °C), T1E
I 3 KRR (WU AE . #fe ke, ket
k) ANBE AR SR C B EL A8 1 FE AR A DR A R
SRR, B L AT P R AR VAN 28 R X B
FELEABRIRFE . KR CEBEI B A5 RS TN
ARG (HI 169—2018) bnife, &5 H A7 A AH
KETERAS AR SRS, G SR s i) s KR — A
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BT ) s b i TR IR T R R B G R S

AR HT T BRI 2 5 R (ECHA) 2
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AR E bR, ER] T B A BT Fth A AR
R IR B KA I . AR T R R AR A
£h LiPF, &Rk A F R &K (HF) , H
T EWK, RN LFERL . A5
5T i Y R AR B KT ) SRR TR R 0 B
AT 4%, X PG SRR IK IR CFaks &
Y AR UHEE ) (GB 5085.7—2019) X 1E T
B, AABTGTEH . ASCHES 45 R A H AR ) T
fE R 1 B (MSDS B, SDS) HH A 5E Fi K& [ 7K o
Veah gL Bk RAG W EC 1 AR VR A — B
TAE R E MR 20~28 °C, THE RN
MZEREWRBEAEARIREE, XIS TR =
(17 3 Fl s kIR, PR ACHT BE B AN T AL I AL
KAE HE A K ERIE R 13 KV B LKA
BRI Sk, ANRE MR ARV . AR Se i
i, BRBer= A1 FEAED, Bk aEEY
J R TR AT S TR B FE S, X IREE AT . AR
BIFRNECEEN T H BT B 2 4.

PA RREBEFRAE, 1 CTCH 5
THYB T ML) (T/SPSTS 018—2021), (4
B HI A 2 TE) (T/SPSTS 041—
2022), (HEE-FEM T BN PAMEY (T/
SPSTS 043—2022) . AWFF A AEIGRE, £l
R PR ARV PR B A REAE AT AT I T B A
HET A58 IR 58 At 1) PR
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