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Evolution of soot morphology and internal structure in
oxygen-free environment

He Yugui, Huang Sheng, Zhu Quan
(School of Chemical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: Aiming at the pyrolysis and coking of RP-3 aviation kerosene at temperatures above 1 000 K and ambient
pressure around 1.8 MPa, optical imaging and time series sampling of RP-3 aviation kerosene soot formation proc-
ess under oxygen-free environment were conducted using a new sampling method to study the formation rate and
morphology evolution route of soot. The results of optical imaging indicate that the higher the ambient
temperature, the faster the growth rate of soot and the higher the soot peak mass. By comparing the transmission
electron microscopy images of soot at different times, it is found that soot could complete the whole process from
fuel pyrolysis to mature aggregate formation within 8 ms at 1 200 K. After the soot matured, the particle size distri-
bution and internal structure no longer change over time. However, even though the total mass of soot has stopped
increasing, the average particle number of soot aggregates continues to increase with time.
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Fig.1 Schematic diagram of the sampling device and
sampling system
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Fig.2 Spatial distribution of soot at 8 ms after injection at different temperatures
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Fig.3 Three groups of experimental results of soot mass
that changes with time under three different tem-
peratures

P 0k 0 A B i 28 0T DA HE 0 R 5 o 7 ) 30 3
K. 2 e K s R ik 22, feJm ik B[, P
W EE, T EAMNARC LR, AR IRIEA
ST IR SR AN, B 3k B W (=2 S I A
s AR 3 HAR T OURRAR T Tk B e (S 4k 2R 7 18
R X Bl B A ROBERL , A A ER o ik A
R BRI E WEGEE Z 40 T, R R e 2
JIE 7R (R 2642256 T 5 008 A2 D G R — 20w [ 910
PAR, AR B KR G AR B T AT, 200 ms B
LB S L 1 e R SO 5T B AT T LR A 15% LA
. DRI 3 F i AR o ol 2 T FH 2 40 AT

2 REET HARREE N 1150,1200 1 1300K
i (AR 3 IRE IR TLAAEE T RP-3 iz
R TER R ARH 140 2 R EF ) o AR A o W {0 IO £ i
Z]. v SRS ) SR ARk I B A R B e mT D
B (MR BT i KT S pg) BIMRIBEASE]. 1~ 6 nm [RfsKH
297 U R AE W] L S T 2T A1 56 3 X LT 2 3 B
(R30S AN A48 B DA 1) SR T s Az R T A A
I (IR R AL T Uy 24 A 30 TE B A) s R Fg sf [ . e
E RGN A S A R Y 2 S 1 A RE 2D Wt
A TR, THR0RE ) R T A KA 1k T iR fE R

SRR N DA (LT 5t 55 W8 A AR R R T 2R T A LU AL
REIRE L AL B 1 52 fE 2.

HE 2 AT, TR EE B, AR [A] e, DefR 5T
R, 1200 K BIEE T ERZI/NE 1150K /9. i
JRE T R T A T T R T A A R A R A 2
F0y. e EUF, R R (R BT 2 . B
1300 K FYUEAEL BT it B 200G KT 1200 K 1Y, 3=
kg JR TSR M P R S — e B, TGRS R AR A v 2
A AR ) R SR AR 0. Xk T 20
O v WS S PR ) Bl AR B e R I (L, 22 ke e K
Joi e U P HR i AR 5 0 XA RE I 2. X 0T A
T SRR T A 2 AESR B R T R A B R
HURSSIER (A

R2 AEBETHRENTHORIERE., FHREEE
RESFHIEEREMNZ

Tab.2 Average start points of soot, average soot peak
mass and average peak mass time at different tem-

peratures
K %ﬁ@km SIS PR %Eﬁjﬁij%
BfAEl/ms B %l/ms Jiiit/ng AR/ %
1300 1.7+0.1 583 +3.8 4247+452 28.1+£3.0
1200 29+0.3 39.1+£3.7 260.4+36.5 17.2+24
1150 3.6+0.6 60.4+1.2 210.2+32.0 139+2.1

WS I F R ], AR Ay, T R AR (T i 5 e B Ak
. ORI T R R IR TR
SR 2B AL (HACA) WL 25k 2 5 T K ihi
oL BRI o o Bt T e e R Ry ek R R s, A
PP O REE S 5 A R P SR B 8. 7E Han
RO Jet A JRRREDAE K, VBHE 1050K A&
LIRS, PR ERIREE TR, 76 1350K LA
R RN, AE 1 700K 24 RKIEE , 2 )5 F
A XN YRR R R TR 2
RP-3 i JH 1o o5t ke T 2% i T B P o i 185 o 7y
22 ERIEENISTE
22.1 AIBBHREI

& 2 HP B R [ | DR (5T ok B 22 T L D e A
fATERE A% | AT RS 45 1 AR KL BRI G I e 2 WAk S
JCIF W KR AT B G | SR far s kARG, BTk A vl
T RP-3 s Sy i 248 | AR BRI AR 1 AR £
DRI T A 250 WL ER AN [) Bsf 220 A Bl KR RO R AE . Ry i — 2
R 5T TC A S5 F T B R A B A AR A SO R AE 7
1200K FXBEHE 0~8.10~ 18,20 ~28.30~ 38,
40 ~ 48,100 ~ 108 F1 200 ~ 208 ms 43 HFE4T T B4R
HORE. Horr, 8 ms A HRUREASFL32 T ) Fh FEL R HRI 11 5 5



- 438 - AT - S - B ¥43% HESH
VBB 18] P 22 . H R I T i 55 5 DA 1) o oz B[] 33 A M HARR, SRR ) AR A T A Bk AR v AR e

2 ms, AERFHUEERRTRR Nk TE R 4 ms. B 4 5’
5 FIRASIRI 20 (55 R ARTE 5L . B IR AR A7 7R
BRZE.
0 ~ 8 ms PYRIAE K 2 R ETCRURI AL B /0 (1 IR EE K
R AR IR SRR T 1 BT MOk AT BH B %
TELER. PSSR IR , i FUR e B H KB A
Y LB oA e 2 o 3 T A 1 IR AR S, H:
TESR G AE R M 1 RIS, — ROk UL, ARG
SETEI, REA L5 AETE A ™. TEM
PG T I 5 S T AR AT ) AR A T B 2 S O HL AR
A, R Sy ok SR J5 o RO 280 ) S N PPk
. HL, BB BRI R e AR AR

=I_é_00nm
(c)20~28ms

(a) 0~8ms (b) 10~ 18 ms

(d) 30~38ms

A I AR 3 T2 WP P ik SR AR R B
0~8ms WL SR T HRIHRR | A%, R AE R AL
C TR, R 2 kA

K 5(a) & 4(a) F1 Rl IT A T BORE 4 19 B 245
. K 4@ 5K 5@) PRZERESTERE LB
I IR EL L) /NER , (0 BEURE ARG W2 A TG E
45k, Jiang SEUITEGEZE SO AN [ b ) 7 B HORE
WEE] T RMA IR, MAEm S Ka Ll kBT
DRB “WMAAR™ BRI , 3 S IR A TN 2 B JA i 50K 4
R AR AR R .

10 ~ 18 ms A= s RRIAR 22 24 v e CRURE 1442 17
SRR SRR, 18 ms ZFMBIAYS 10 ~

% £
{..

(e) 40~ 48 ms (f) 100~ 108 ms (g) 200 ~ 208 ms

4 1200 K TR A6 B 2 B B B i s S 3
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