E P RN XX BEERER

BIMREHARENFEPNERZ2ZE .
—EERBBNCEER (EXRR )

m BN

(—) ERIE

WK (Thermal runaway ) BEEREFHSE - RSB RGNBERMEBREE—D T+
BH—ELI BESERRUNER B2 RBAXZEHREBEE - MOFER - AKE
Wl —fEEiE - ZAREEREEFSREMMNEZ(E  RE-—THSREMERLASEER
SV

EEREARIESIRERENRENKNKNEN - BEEBESHARSABNRE - 2K
EREREFMAKNERRAZ— - £ E2BFERTRES - BHEEERET SRR
MAKERR - TERLED @ SRTEREEHEIENNERENZEFEARAE - L@ KIS
ME R BT RRREE - BAKRIEOBEREELIATRED - KRIREEASER T BECMEMR L
REAREHR - EREYESD  EEPHNRESLRENREIESEH EMN LR RERVIE
MERIF - DIKBEEESAEE - ISR IFERIELR 3-4C Kol sEEBUT Ik
REREE-DAZIRGEIMIES - flW  BHFR - IDEERECRBRMAY CO, BRI
EEMRRE - JBEERR LRI MAEEREBEIEY - !

MRZEE—ERSR - HPEERENENARRE EFBMIRE - B2 —EEHENE -
BREFASENEBMPREERBAKREN - BREEZ—EKHEENER  AREE
MEOZHFLEEENRER - EAGHZRLE  ITBRNEAFTENRE - 218 - BEFNEMEY
g EMmRRAEMERE - ER TR AT S REMKE  HAKEZENANEM R RE
M | REENEMES - HRREEMAT NI BZHAEMNS|% - ER F BN A2 HE
MERKK - EEBEREBELERIIMNIAE - EERLHRBEERMNE-—DaERS  HIE
MR A REEEEBLE - 21

#2001 F 9 B 11 HANERBES P OLEMRBEEERED MO FHF - £ERRER
MEREFZEIE - ZBMZELTM 11 SEMITBREILEAE - MBS MELTIRY 175 5EM
NAIBRAERBEAE - EFENEISEREMEBRE  HBRVEENE R BRERENER T
EEEMABMIMITREY) - ERBRERARX  FEZER IEMNERAREET W -
WAt PR AEREREISNRE - MMAEHRR D RNER LEZIE Abdolhassan
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ER Y Y

Astaneh-Asl FERERE - XK PSR AENMBENEF - ERNEMEST " REMMR"
( softand mushy ) A B MEEAIFRZEAXENEBMESR - HIEXE2 TR TEMMRIRE
IS Zdenk Bazant BR—MNHER @ BESTHREBES P OAREBEIEHNIRE - Bazant 73
& REXKHREZE—EBRREZER B OMBENIEEREERSENTIER 2B
LRSS WAFEEN - —BREMR BB —FHEFE  PAEBZIERELE  F548
BT T - Bazant BRUBERE—MOTHIERIRAR - EttoEMEE TR AR TRE
B Oral Buyukozturk 1 Franz-Josef Ulm #E77 - ft Mt  BRIEHS] - ° R B S /0 1EE K18
KKEROBEEMRER 1.9 THE TNT BIEREEE ;| BB KEBBMEEREEN 717 i - X2
HBEE 0 AEE R EHISS R EYIESR - ©

(Z) ARIZEFEH

HEEEENED - —EFEHA (induction period ) E—E#)IARE ERAEIERIEERIE - £
SHE  REZNE - BREFSHoIBESRKRIENRE - AXREFEHMEREARETRHA
BNEE - EBREFEHNREREJLFER NANTAEBIRREAFRIRE - LERY
WHGAS - HRAKIZENEERE - B—E2—EtEREREERE ZEEHOBEER - %
LR EFERRBERENSRS (V@R EEHRERENE - FSAREBZHE ; (2
HEHR EEEMIRIMEER (KFERMIR ), REZ  EREBEMA LER—IRBIAK
iR THZEBEREBZHMAESINRE 05CHM LOCHMES —IRERRTIR (ILER
2nEHREMANOLUIR ), QEMFIIMNEERE —RXXE - BERXNIMERLIE L
HENEE  EMeHFERNRERE (LltpRmR ) 7 Bl—HR tip= 260 sec

60.0

|
B RR

55.0 | A

50.0 -

45.0 |

ol - FA2R

by
7T}

35.0

BRIRRS R b

30.0

25.0

20.0 -
0 100

B5fE ( sec)
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IRTEYY

B — : BREFERMAKIER R T

E

ARERFHABERBREETRE - L [1]FAR -
BHCI(ag) + 2Al(s) — 3H2(g) + 2AICIs(aq)  [1]

NEAEEREENFERNEAE V EE  EELRENBREKE  JURERERE
RI[HCIZ1& - BAHCIo =7~ ; URBYNEKREE Ll[HCl]eﬁect TR - HESRERS ()
B iy L EI[HCI] ; QEHFBESNEBRENEMERS WS EESER ; Q)RERMEE
BRAREE tip! = 0 ERAF EM[HCIE - U EERZBERREREN[HCZE - Y[HCIJoFER ;
WNEXZAYNERERE - DIHClefect T2~ » 5TE NS © [HCl]efrect = [HCI] - [HCI]o ; LK (5)fE
FRREREH Kk - I tip ! EA[HCefreer Z BV - WETEFIHHKE -7

(=) BRIEER

EABRD  HAEERXRFTER (TRMNER ) AEFERZBEAXZHEN YR
mE LA 5.0CHRIEBRE - JTEIJ 5.0CKRFERE - WE—FiR - ERIEEARBYIERR - L
tr 7~ - LEEEREREILL sec REEAT - BAKRIEERE - Dl re R/ox - LEEEAIZClsec - Bl—HRERERK
YRR (ry) = RIZ =5.0°C /(371 sec — 260 sec) = 0.045 C/sec °

() B 5R i8R

EARARERS - EHREHEER YBNWRE - SRIRRRTENFERAARERER - 2B
BELIT - (—)ERAANERLE : FQ)RESTRE - QRFEANKEERE - (D)4
BRREHE SREEMGNSLINER - HEREERENRG - (=)RIBREHAKE
HEMNTE 81 (OBREFEMRENAKRIERED  QRERENREERRENS
MWERMRE - Q) ER REHEFEMEZRRE G  URGREFEMNERERBEH -
(MRFREHRRITERROTE RO RESERRENAREER  QEIBRRE
EAZNR IR R RA (5 -

m EmMEM
(—) BHSIMMEmR

1. —fR2s# : &mith (/NK3EHR - 20-25 mL - AZHRE ) 1 & ; EHF (100 mL 2 {EF0 250 mL
118 ) 31 ; #/HR (125 mL ) 1 {E ; PEJEE (3 mL ) 332 ; ZEi ( ASFImpIzEEEK )
158 -

2. FEHMK  RIFHR (600mL - BHE ) L@ N OHETITI1E; 557 118 ; BB 1
¥ #8] (49509) —BEZ; #2%B (30ecmx10cm ) 15k ; ZBBB4 (48 cmx 7 cmx
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4cm) L3R ; BESHER (BEABERAN) 18 -

3. EETH . EF(10mLAM25mLE 118 )2 1@E; RESF (100C )1z ; ER (ZBH .
15cm) 137 ; FHAENBER (I0BEREGER) 1% -

4, BRIE  Hm1H -

5. 22 TH,, Z2RB 18, ABFEL1E,; B 14 -

6. HhTH : 284 (M 1.2cmx25cm) —F 20 /)\3k ; Ei§ 1 & ( B Office B3E ) -

) HAZEmMEM

I

1. EETEH . ZFREs (100C )13% -
2. BHITE  +FRB4EF (EHHEEE5mM)5X ;| +FB4EF (FHHEEE3mMM )5 X

200 - JEEERS (conc. hydrochloric acid, £912 M ) 2 #il ( &3 500 mL ) °
]

URERNEE—MUN12M R  ERERNEIDREEVFEIERSA - LASERE
REERE - DRIEEZERBMP - UBRELEHEREHREST  BRESARELENRE
S£EZER : Hydrochloric acid® - REHAR CEIERE (1BREVNEFREMNM ) BEHE
BEM L - Mo ARESR - AEHELENRE - )

5. Hfth : @EM 18, HREBSIR 1M, ZEKLIME (20L), REFRE1E, BK1R -
6. BEEYOIWE 218 - —ARNIRF 14 -

B BERZENEIEFE

BRHEEMRBEARMY  MUVAZEE LZERE IO AFERKIEFE -
R FERERVREZER 100CIER T - DR BINIARRIKLUL A & 2 4 fE R FER 2 -
RERZEEZNRNER - FIEXKERVDRERNRNERESE - DU R IKAIRLE -
EREBMNEBEAEZEEZ R - JHAS/KDR - DEFFRSZH -

A wnp e

m EEYRE

1 REERESR  EFRIER T REBEBERR ) WEERP -

2. RMEAMBERA R : EPRITR TARERESER WEWGRS -

3. —MRUDRMA " —ARAIRAF , P -

4. FEEREEANEBHEEN SRR E0RELRE - RIILRECIEEEA -
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ED RN -X Y BEERER

BRARERTLE
© BEHRE

MARHWEERES (WERERE L) RIEMRABES - KHRERESHNER—F -
- BUERRBMRERE

AR HIME RE—EEBRAURNONBERE - BLEMRA Kl (/NEIBH -
20-25 mL - AZHE ) 1@ ; REHR (600 mL - 2HRE ) 1@ ; 557) 148 ; /NJ==TT]
132 ; ZRB® 11 ; #88] (K509 ) —B18 ; AEET (100C ) 1% ; BBBER (K8
cmx7cmx4cm) 138 ; BEEAER (BRAOEXAN) 18, TFR&EF (B=1EL
EEHEEE )-

BERAM AL « (DEmREFERERE  WEERFRAN LR - BARSRHRO
BREMASNAODAZERER ; QREHREEREBEENING - KNBREEIME
5, QREHEEFRETEER - fZEREAST | TERECAN+FBHE B
- BHELTSE  BHRELHEZ  @RERGoLUIEALE ; 4)REEFRER
RIRERIE ; G)EE]ARBREREEENE L ; (6)ZRBTARMERSRN ESAE
B (MR EAARERSENARBEMAENER - ERATBRER - UREBHIY
RAE - XERWREBEEENE _FK -

REmE R i
REHE e

B ANRTE SR
BR B #E]

B REEEAEZMROZHE NEERMEEZE -
- RIFBRRERENBE

RBIIAVNT] - #Y—ERGH - RSE _EEAIEED - EEfEVESEFZRVERU - [EETEVE
BEHREAY 2.5 cm RYEBAL
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SRIETY

2. KRR E/NBIKH =24 FRURIE - R ZERI P RUBE—E/)NFLTE - EAERK
NEF R ERERTRIER - BAURERA—X 100CRYREET -

3. BIERFALR EEAO@OERIEL -

4. HERFHRESOALOE - [BE—Eixmill - Eikmlaol 2RISR OEEZ
By o

S

o

5. SoH—LERBEGER  EXEmllAREGHZBNZER  ERABRER

I> \\\

6. REM2-3REBA/NRERBR  EERmMAREEER - ERAMMEEEEER
ASFRE -

%

7. FHEEE]  MERZEBEAR LT - SISTRREERZREREERENELD

8. ZELMRIGMAEEELE - FE L&\ AKER4) 0.5-1.0cm -

9. HERB® - Mt LEAIEES - MWARMBU % CEMESREZERBHRENM IR -

10. BlERAEH - MEGCEERSE L - RO L -

11. AfRE (2RERT ) EERFRNED - BERETNSE - BlSmEF—EEZ
EERE

m BRSEBNIREE
— - FFERDSR
1. FRATREREHRTERER (WERSLRL ) REMRIRES -

2. FIBERM=ETT)  8B1H—KREERS 30.00cm x 10.00 cm WEAFHERE - BHEESE
£ WstE—/\RERAE500cm WIEFF (Bl 25.0cm?) IRSAMES -

3. MHEBERM= I?] BUEE RS 5.00 cm WWIESZRVERSE - BHBIH 6 5k - WE—/)\5R
fmSA¥ T =R - IR/ RIS (5@l ) 3 -

4, FA/NZEE 72AIE 10.00 mL WEFEENER( EEARA % 6.5M,6.0M,55M,5.0
M, 45M  BEIEREFRAE  2AERELEBHRLE)-

5. B4t MA 10.00mL £ 6.5 M HWESRE MBIV FEEER/NEIEH (&mil ) P - BHZE
ERENE ( 2REST) RSO L -

6. K& MA—/NRER 500 22 RIESFRIRERIREERERN/NEIEH (Fmil ) P -
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#28) 3 R IBIFAETH -
R EREEREHRAeRE  YARWENEEENERBEENMRE - ]

7. ERBABNNE (EIRFEHNEER ) 830 Wi —RE - EREMERE (B
RRIENFER ) 8 15 Mok —RRE -

Z - KR RIGEURE YD BRI

1. REREFEERENRRBEE LUREHREFE TELEARERRENREBD
%R [E -

2. HEREMZLE - ERWMRIMNER (KEENER ) -
3. HUWEAARERREERE EFAIRE% -

= BREREHRKEFEHNTE
1. HEAREMREENRENGEEN -

¢

2. VEREEHFSHNWERIFE TEL—IRSEEBZR -

3. MMtEERREHEMKIEF SR G -

¢

4, BHEREERERNEMRSERE ([HCl) ZE -
5. WHBREEREBRNEMBIRE ( [HCefer ) Z18 °
MM - SRERAREHARIEERRNTE

1. HREBEREENREBRAFKEER

2. HTEERRE HEMKIEE R G -

m ERGERN
— - REHRENEREERE
ARMERZRHOEEREN (WETHRL ) REMORES - £BRE—P -
F— REHRIE
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i
Hy
]
|.|.H
=

5L R

JEH 88
RE=R (MANEESET ) C
Rezn (FERER ) C
RIERVREZE (R — F2ER/Y ) C

DZELCHEREERESARAEESLD - AIEEMMWEIDRE -  HEREIERERHESE

b CERERERAKNEE (RAMRE ) MAEELERRE (HIRE ) RER_F -
xR EMEERNAORENMIENELRE
BEARE =E1 | RE2 | RE3 | RE4 | RES

BEE ( RMREZE ) M
Eﬂiftﬁ( ZE ) M

+ RIGRURR - RIFREMAKMEBLIMER - BhiREEREAVEIA
(—) AERRBREIRR

= BIFERSHIRAEE

mE ol )

M | RIEWE sec
RIE®RE C
mE ol )

M | RIEWH sec
RIE®ERE C
RE bl

M| RIEWE sec
RIE®ERE C
RE bl

M| RIEWE sec
RIEEERE C
=B Pl

M| RIEWH sec
RIEEEBE C
RE o

M | RIEWE sec
RIE#EEBE C
RE bR

M | RIEWE sec
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N AR -X LN BEERER

REERE C
RE PR
M | ZRIEWE sec
REERE C
(D) ELFRENSKEEHMAR - ERJMANMIRIMER - WELARER (RER) M
REREZESHE

RBR=MRERE - ERARNGTE ( NER - =/ B ERERERSE)
Y ARNERBHRRNEZEARRENRBRABER SLSRENREBRHMER - SHR
FERNERNERE - RHANABMEIERTNEEZRA ORE ) MKERE (KB ) KREE -
= AEEMRERNREHEEFE ( EARSEEZHAR ), BN-1~-1-5 SREREERN
BEEHREFELSESZRENSREBRHR  ERSJEEHRNMIRIMNER - SLYER
R(PR) IREREZEEE -

200 - Llid il il Ll 1 il \lnw Il | - il il - Il I I T
0 100 200 300 400 500 600 700 800 900

[ (sec)

B = : FAEEEREASHEENREFE (FELAIREEBZMZR )
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60.0

0 100 200 300 400 500 600 700 800 900
B fil(sec)

-1 BERE (—) ISNREHREFE

(REERBRRE (— ) SEMIERIMNER (KFRMIR ) XXFWEE - £ 5CAE
& - £ 5CRrfkisE - )

0 100 200 300 400 500 600 700 800 300
B fil(sec)

-2 . BRRE (—) ASHEEHKEEE

(BHEHEREE () SRMEINER (KEERLER ) KXY BEOER - EF 5 CRE
iR - EFA S CATERE - )
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BEERFMH

60.0

100 200 300 400 500 600 700 800 900
B fil(sec)

[k

(REEREREE (=

5@ - EFr 5SCARERE -

-3 : ERRE (=) ISR EHEEEE

= ) SEIMRIMER (KRN ) RXFERE - 7 5CRE
J

55.0

50.0

45.0

~40.0

35.0

100 200 300 400 500 600 700 800 900
B fil(sec)

B4 . EEERE () SN EEHRKEFE

(REEREREE (1) SERRIMER (KFEMIIR ) KXFHRE - EFf 5SCAR%E

B5fE - EH S CRERR -

]
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60.0

BE(°C)
& a

00 5
E§fél(sec)

B-5: BRRE (5) ASREEHREEE

(BHEREREE (A ) SEIMIRIMNER (KFEEMUR ) KXY EEWE - LA 5CRRE
iR - EASCAHERRE - )

(=) HNERKREERERRGR

1 REBE=NMUNREBZHE St E - B RERERERENEEERE Y
B &

2. RIBE=FMNNREBZMG  EXEMMEASEARIREHARIENFER 2% -

= BRREHRXREFEHNRZE
(—) KRESERRENRKZEFREH

NMRBE "B PRORKEFEHEL - O)EE-1~0-5 FHRENREBZE MR L8
BMIRIMNEAR ( KEARFILIAR ) BEBIRER (KFER ) BRERERB I GEND (1))
AR ) ZRXFEh - QFEEMFIMNEERRZNFNERE  EREEFEHNRKERE (X tip
TN ) Q)EIBEEBWEIENERIN G -

xO : AREEREIREN RS ERIEE
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E P AN - % BEERER

[HCI, M FEEHA iy, sec EEHARYEIRY tpt, sec™! teYRE, C

(O KEREMNREERRENESNNERRE

NARNNARER RENFEMHNEAH CEE  AEHEEBEGE  BHEEREE
REERE - LAHCIJo &=~ ; WETHERENRERE - BUHClefex =7~ ; MUKBERYER
ERBH - HERDES  (DEE tp  HWHCIFE ; Q@RFEBREERRILS L ULEER
WAL ; Q)EEMMEREZA ! = O RNMNERREE TERZEANRBEREER
=E LAHCIo =K ; A)EEZBNEMRE - LUHCletreet TR - HETETUA : [HCl]etrect = [HCI]
—[HCIJo ; UK G)EARERREREE Kk - X tip ' BA[HCl]errect 2 FERVRATR - WETEFIIKE -
Ef-1 EERNREHFSHVESUEE -

0.0100
é 0.0050
®
np
8 0.0000 ||
- 150 | | 200 | 250 | 300 | | 350 400 | | 450 500 | | 550  6.00

-0.0050

HREE (M)
Blf : EBEAREEFEHNAIEFE
(REBZEFELSEN  SHEEREEBRNFEHAILS 0 RERSERERE - ]

(=) HLERREEFESHAMMNEARIEXLERSEREBRENAURERE
1. REBELNBZER  HiERREEFSHE R 2%
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P AN -X i BEERER

2. REREmAVERRL - ARIRERFERAHHERRE ZBHVERE -

3. RBELMBER  BEERSEENREREE ([HCI ) BEAXRAP -

4. RIBELNBEER  HESERNBURERE ([HCl e ) - HMAKRAD -

I FEHEAEREERERENBEUNRERE

[HCI], M ez, C [HClo [HCleffect

m . RIRREHAKRIEERRNTE
(—) BhARERERENHKIERR

22 Tl PRRKERENIEEL - Eﬁ@-k@-S PR BRI E A BRI R (
BIRIER ). BREEXRFTER (EHUNER ) REXRKEHBNVGEE L 5CHKRER
R JNBEN SCRRUISR - BVRIZHARIMIARIERE - Dl tv RN - DL sec BEEAL - KITEREK . [
re #/~ - LEEEMIAClsec »

=N AREEIRERRKREEREE

[HCI,M | EFS EFOCZEE, sec | EFF5C2ZEF, sec | EFA SCER, sec | fZK, Clsec

Bt
Iz
a
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N AR -X LN BEERER

ﬂ%%ﬁ%@ﬁv%ﬁ%ﬁ@%ﬁﬁmﬁﬁvm%ﬁﬁﬁéimﬁﬁw R4 07
RE RS EIE B R AT -

0.30

RIZE ("Clsec)
[a=]
=

0.00 +——— —_— :
350 4.00 450 5.00 550 6.00

BEREER (M)

BI7N | BRIERRAB AR

(RBFBBENELEN - FIELERRRAREHNRKIERE - ]

(D) fHIEEELR S E AR IR E RV &
1. RBES-1 NBRER - MIUREHAREEROEE -

E

2. RERERAVERRL - SRABRESRERTERIEH -

m ZEER

Thermal runaway, https://en.wikipedia.org/wiki/Thermal_runaway.

Safety and Preventing Thermal Run Away in Large Li-lon Batteries, https://bit.ly/2K6dM2S.

How To Stop Lithium-lon Batteries Explosion? https://bit.ly/2Kc7ZZu.

A W o

Thermal Runaway, https://www.upsbatterycenter.com/blog/thermal-runaway/.
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IRTEYY

5. Collapse of the World Trade Center, https://bit.ly/1Gs67jd.

6. The Thermodynamics of 9/11, https://bit.ly/2MpCn5g.

7. Kitabayashi, S.; Nakano, M.; Nishikawa, K.; and Koga, N. Model Experiment of Thermal
Runaway Reactions Using the Aluminum—-Hydrochloric Acid Reaction. Journal of. Chemical.
Education. 2016, 93 (7), 1261-1266.

8. Hydrochloric acid, https://en.wikipedia.org/wiki/Hydrochloric_acid.

HMERET « BIKE - BIUE LS AR EER

ERIR - (2222 B ) ( http://chemed.chemistry.org.tw/ ) - S8 =+—8f -
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