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Abstract; To address the frequent spontaneous combustion accidents of photovoltaic silicon sludge, a
multi-experimental approach was employed to reveal its dual-stage exothermic characteristics and critical

spontaneous combustion size. An isothermal microcalorimeter was used to analyze the heat release sources
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of silicon sludge under a low-temperature environment of 30 “C, and to investigate the effects of pH and
particle size on heat release characteristics. Simultaneous thermal analysis was applied to investigate the
thermal behavior of silicon sludge during the programmed temperature rise process of 40—1 300 °C, and
the flynn-wall-ozawa method was adopted to determine the activation energy of the oxidation stage,
revealing the high-temperature reaction mechanism. Based on metal basket self-heating tests and Frank-
Kamenetskii theory, the critical spontaneous combustion temperature and critical size of silicon sludge
under different ambient temperatures and sample states were calculated. Targeted safety control suggestions
for the safe storage and transportation of photovoltaic silicon sludge were proposed. The results show that in
the low-temperature stage (30 °C), the heat release of silicon sludge is dominated by silicon-water and
silicon-alkali reactions. The alkaline environment and small particle size can increase the maximum heat
release power to 837.5 wW, significantly enhancing the heat accumulation risk. In the high-temperature
stage (>405 °C), the silicon-oxygen oxidation reaction becomes the main heat release source, and the
oxidation activation energy decreases from 177 kJ/mol to 141 kJ/mol, with the reaction transitions from
interfacial chemical control to diffusion control. The critical spontaneous combustion size of dried silicon
sludge, alkali-containing silicon sludge, and silicon sludge with small particle size is significantly reduced

and for every 10 °C increase in ambient temperature, the critical spontaneous combustion size decreases

multiplicatively. The minimum critical stacking size is 2.2 m at 60 C.

Keywords

combustion temperature ;

0 3| &

TR e v 2 B DR D HEA T B 2 €0 1T HEAE REDR,
#2023 47 10 A, T E (A FHER G HIX) KEH#E
KB 5.36 12 kW, i fa 2Bk —" . H
HT, T R BH BB % L 28 6 1 H it 32 2 J50RE S R PR BE
G ARE, TR BB S IR fEAE DD #) d B rh AR E
K, K 30% ~40% ">, HFE Y Sb PR TE 5 U1K %
HERRTUR G T, &0 Uk T 208 iy SR 5ok
A EAR R RV EE Ve . fEde 2 AR, & KB &
AU A IR MELLUFN K R 2 1 T KK K, 25
PR RNERN IR A, 3X A DGR 77 Il B v i B R
JORBRE 2021 4F AR TSR Fe 0 4406 A 1 2
FRR, KM 2 AR, HEEAUE PR 9 233.25
JIC, M R KA ROK Fagim s o wER AR
OB R R A AR I DR X Ak e )RR P R
o NTRPREETEAE AR 12 iy B fi Ao AR P Y 22 4
P, A0 H: A BRI R AT 78 NI 3

XTI BT HRBIEGE, N b il T i 2
RS Jr i, nse SRR VR AT ik (22
ST ( Differential Thermal Analysis, DTA) | 257
H #i & # ( Differential Scanning Calorimetry,
DSC)) ¥ g AL R R ARET L
B, BEpe A BRI R R 0 o AR L A D) R
WS AR E RV T 50 CE IR A 1 T R

silicon sludge spontaneous combustion ;

pH value; exothermic power;

exothermic characteristics;  critical spontaneous

activation energy

WP BORE FR AL I e B AR IR STk PO IR
FH FH I 300 kJ/mol, ZHANG Yuanbo 251 ] F
DSC FIELLAMEIE BT XHRAE 30~450 CTHEES
(TSRS, AT T TE A0 0 B B 3 K R 1 o1
Bro HEERRSEm R 3R B L W0 BT T KO
E RN FLR S S5 AR B 5 e K S R
BRI PSRBT S AR, THIESE
U R T A SRR o AR R AR A S, B
BEA A DR R 3w AR Rl B 2 Tk il
A e BB AR ST T R | FL Bt M
AT R A2, A, B i K E SR
P 3 S A AN ) AR P S e A F AR PR g R B
BRI, H ARG A R B A, BIRE R 22 5=
SRS, Teie AR I 2 IR B, AR TA
SEH FEAHORIE . Ve B R R b B s e R R
FUR[RIRLRE T BRI A 2% R R IR A S
H 5Ky e R E A RO, ke
TR B DR T (6, PN Ao o 2 3R A Tk
RBRAE T ORI 2 TR A
il S BT AR S AR, A e A A 5 5 R T TR
KRG (A0 H AR )

ST S R R R R B[R] 2D R B B 4
Jm W A PR 5 7 v IRTOGIR AR IR A IR I B2 T
A RVRAPE S I 5L A BRI, O B2 HE B X P By 4 OR
W, SRR R e 1) 22 4 i i 4R R RR 2 AR 5 R



bR e B o $36 %

- 164 - China  Safety

Science  Journal 20264F

X,
1 ERBBAmAREHEm
1.1 RO R R R L
TR AE R VR T I Ak R TR 2 W] [l i) 92 R
Ve, 92 RARRERFES PR E S S, — Bl
BET 5 IAS B E TR T AR B i T B ARk R
HIKGY G, 2 46% o FHETREVE HEAT X RSO
JETEI, L RRI BT R A R P HEE AN Z 5
JLER i, WASEE TR & 99. 781% , Pl 2k 4
JEARIT ., A R A3 BT ASURI S U A A ik 2 i
ICE &, C . H.0 N 5518 3.58% .0.57% .
4.66% 0. 13% , 33Xk WL fik U8 1 43 v B0 o ek
Sk LB AR M T Al R R A Y, i A
TR B Oy R AR
Si + 0, = Si0, (1)
Si + 2H,0 = Si0, + 2H, (2)
Si + H,0 + 2NaOH = NaSiO, + 2H,  (3)
REVRRLAE 7K 43 pH (B2 fE UG [ BA 1 552252 )
R, RERFEMANIE 1 Fs R R /INA— ffi /]
1 A 5 32 T 5 0] R R ke 306 TR AR A Tk Ui, 1T R
PARIE TSR, S T RN P fe e A it R AR K
FR IR IR pH {E, 25 R R B P |, X2 BT
o TAEIRETE BRR AR R A Y Ak U oK 4 1)

pH {E7E 6.5 LI'F (HAE I8 iy A7 i F v 2 BRI A
AL pH (HS KR A, Ande - A R 48 K
SRR RYRETE , FR O i pH(EL (R B 1 D2
REAS 15 B0 LR EA 39K FL ARG I P 5 7 [l ACRE DR Y
AT 1 PR IR E R , A A YE K 23
JERTR , 7 A AR AT ik 8 AR . DAL, X 8872
fenl e 2 FEGETR I A HAE R PRI K, B3 X sb 5
WA AER  BCRE A ML 1, e RE D 1 DT RE e
AT, F AR K 73 O B 1 00 s Bl 2.
3 4 ARBETANTR] H Bl o s 1 19 15 K A, H AR
XFHERIAR X TS A BRAIRZIR A0 5.6 ST
SRR G, H REREDE K 2 s Y
L,

N\ 7
\ A
1 RIFEFERHESR

Fig. 1 Unscreened silica sludge samples
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Table 2 Exothermic power of the sample

microcalorimetry
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J RN 3/ wW |57. 2] 69.2 [171.7|238.5(311.2(837.5
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Fig. 9 Temperature curves of the sample center and the oven
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Fig. 10 Linear fitting of critical spontaneous combustion dimensions
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Table 4 Critical spontaneous ignition size of
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the sample at room temperature

HIEIRE/C 30 40 50 60

FEh 1 19.4 10.4 5.8 3.4

WGRRSE | FEf2 | 736.2 | 260.5 | 92.4 | 39.5

2r /m K 3 12.0 6.5 3.7 2.2

=T 33.9 17.6 9.6 5.4
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