[T S/ S
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

DOI: 10.11858/gywlxb.20261036

FLEARE M RT g Re B 2L LM EA M 251 K 1§ 2R
oA TN
FH, XK, FAEAN!, REF? HAMBL?, BREE, K&, KE
i 1

(1. EHEAR B B IR AF Lo Aaw], BPE JEF 7140005
2. RE T RN T 5B S0E, Z280 R 232001)

W B 4Nt ass iAot rENaEEEA. Lhatce, RERF/TZE OB E T EEM, B
BINLEMER TR, RARART w0 FEMMERSIMIELREME . MAUI AR 1§ F1RE 1 ROR
FUEEHRE ., £RETN, LERESWXBERERRT mEkRNEE, ARBRATAA LB T TIRE, 4
JLEME R 2 3N 0% I & 2.4%E, FLIRE U R 45 F 3R D[3,2] 08,38 fim [#1K £ 5.85 um; #4640 iR E
FRARERFRERA TR, ERBEEMERLILELER. YL LW RESH N 1.8%0, KEN L5
% (PDD &% 1.73, ML H —MH&RIF; HbtE REE AL EI0KET £ 18 K HikiAE|IEH 5180.3
m/s. A4 RAESL T M I AR OW 2 AR 1 R R A FLAE R S NEREA AT ME, M R R Tk 2 % SRR IR
RERARETEF. RN T RAK,

KR FLWED,; WAL TEM; W EFIOE; R

FESHES: TI510;0521.9 XHRFRIRAG: /A

FUHEZS (Emulsion Explosive) fFEJy— Mt Ak (W/O) RUEReER R, AT
AKVE e VERERR RS, 7 LAV AR S 1 B B2 LM A5 A R 23 B SR KR
VROV AN S (Rl AR A B BONFE SR AR S E 75 BRI 5%-7%, R 4E R FLALIE 2GR RE S BE
KRz B4 ALGFAAE AN R At 1885 (Beeswax) 1EN—FRIRCHEREEM KL, [
HOP TR, FEN CupCoglindl, S50, 8 SR SR AT B ven (1 A L AN S T i A, A1 A
TRAGEAST . o el 5 A PR S R AR T 7 5 (AL 2 R AR LT i, H A AL R v ]
RO K BT VIR, MR s — il R BOGR , AT RR ) T K 2P RE gt — 23T,
TR IR T, AR R SN 7R LMoo b A BEAT T

X AR AT T, [ AL ST 1 KB T ARS8, S& T FUMEE o 1 il A A g 1 7]
AL, SKEAC-10G Y 2R EARFRAE T, FUREEE 5 R AL R, RETEHEVWITURY], Si85
Jxd R 2 s R T AL PR R AL, I — 2D 1 A SR I Mk 1 R v 4 R TR A R A R A
FORARBRMEA S pm; RIEAESEERS T BT DL R B FU AR 2 BRNE I RE I s R, UESE T
% B EHE R AR 7 T AARAE A . Shi R AR T pH A 5 H#5 i A o i e M 24
PEREMUSEM, 2 pH fEDN 4.4 I, JRIEFEARIE R B 102 HE & 70 HO0N 0.9%0 . KEZGIIPiK
YEFONIL R ATRESEUAIBIE T T 280 K AIHLIh =R AR AR Bl TR FLA K 25 DU B I BE T 1 5Y

“WSche . 2026-03-05; & [H H . 2026-05-08

HEETH: 2B EARREES (KJ2019A0121D)

fEF RN 22 B (1982—), 5, AR, TR, FEMFEAIEL MRS RIB 2SS HTF. E-mail:
370431011@qq.com

WIRES: Ray (1975—), 5, it #d%, FENERHEEM 52420 5. E-mail: hbwu@aust.edu.cn



[T S/ S
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

Wi, &5 RRIINLH & I EEPIE L2 10 IREY RS RiAe . TR I B MR E AR/, Hist ke
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1.1 RF5EE

R R (AND, Tolgk, WEEIF G CERGRA R RS (SND, kg, JdtE
L TARAR s Ak, Bilgph T AR R BRAE s e,  BiRh T AR R A
BRAR: oA BETK, Bfl Skl KRB 33% TR BN ER, Hifls %,

1A% HLB TS, WA AER AT PRA Ale MCR RA TR AR SR a2 Bt
DM4M; BOGRLEEA, P Malvern 44245 2 B \E K IRIGH IS 4EH; BSW-3A BYREEMIRAC, Wi
PN Fo R TTEE - T P
1.2 FRERIGIZ

IR 1 BT PRFF A B AR & A, Fifil FL ARG (R LG, 46 S AR R AL &
5o Horb U ARAE FLIEE BT B M R 0%, 0.6%, 1.2%, 1.8%, 2.4%.
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Tablel Emulsion Matrix Formulation/%

Number An Sn H,O Emulsifier Vaseline Beeswax
El 73 11 10 2 0 4
E2 73 11 10 2 0.6 34
E3 73 11 10 2 1.2 2.8
2z} 73 11 10 2 1.8 2.2
B3 73 11 10 2 2.4 1.6

FURHE A% 7 R B 1, #2381 Be Oy eI RR B IR B2 . ANIERENAI/K, TRE 355 INF#AZE 100-
105 °C, #I5/KAH; FIRERE LR FLEAR . SR AL AR &, IN#E 90-95 °C, IS, #iE
HLB) 7 B AR 5 9 1000 r/min, H4/KABTE 40 s WATHTE AR, PRFFEEEFFEEAL 3 min, HI75FL
MEHET . FpFLEIE A EI A 55-60 °Ca, X HBHTHUL, Bk )/5 % EHHI7E 1.05-1.15 g/em?®, BRI
FALIEZ .
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Fig.1 Schematic Diagram of Emulsion Matrix Preparation
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Fig.2 Schematic Diagram of the Detonation Velocity Measurement Setup
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Fig.3 Variation of Emulsion Matrix Viscosity with Shear Rate
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Table 2 Rheological parametersef/matricesywith different vaseline contents

Sample El E2 E3 E4 ES
n 0.2435 0.2660 0.3414 0.3078 0.2317
K/Pa-s" 28709.98 19040.05 16215.13 8874.17 6266.04
R? 0.9901 0:9967 0.9983 0.9983 0.9992
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AN b 350 e I AR S PR E I e v R B D R TR T R B0 & R P 2% P A T P R RE g, A
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Fig.4 Micrograph of the Emulsion Matrix
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Fig.5 ParticlesSize Distribution Measured by a Laser Particle Size Analyzer
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Table 3 Particle Size Measurement Parameters

sample D[3,2]/um Wium PDI

El 8.38 22.99 2.74
E2 7.75 17.41 2.24
E3 6.66 14.23 2.13
E4 6.14 10.68 1.73
E5 5.85 12.25 2.09

D[3.21B8% JL LA E > BN 0% % 2.4%, D[3.2] 2IKFLL FEEATES: . MEL ) 8.38 um
FEARE BS (19 5.85 um,  FRIEIK 30%. M0 Jm A B0, IERRAS R, 10 L AR 5 e i S S B
beke, EPIMBEABEEN, B TRGMWAAHRR L. R s e Big, EAR BT
T, ESEMBE A M T 08 We (98I0, 57387 V)Re & S0 A Mot AL S oK A,
B 5y v W 5 T 7K 7 R VB BRI R BT

RARIMAT T8 L W A2 03 4R £ PDI 2 BUERERE THE S, 78 B4 FE i A A 2I/IME . El
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FEfh PDI N 2.74, W N 22.99 pm, RARPAME, KREABS . E4 0 PDI N 173, W
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PR TR . (SR REAMGE HEF B R R T R M R 5 RIRAVE, & SFERRE S
HPAE, B E,
2.3 #AFRE MM

SR FH AR S0 0 AN FLR I SRR 34T I AT N S HE R I ERAE, B 6(a) &N LIRS R
FEAE TG #1148, K 6(b)h DTG HiZk. 3R 4 &R LG /5 AR BE To Al Kk HE R B Tpo

10
100 | — El
—R
—_— B 8 [
80 F —H —
ES »
an
$ o E ¢f
E g
£
2 40| i
= g 4|
=
20
2k
0 1 1 L 1 L L t | L 1 | L 1 1 1 L
0 50 100 150 200 250 300 350 400 0 442 34 5 6 7 8 9 10
Temperature(°C) t's
(a) Sample TG Curve (b) Sample DTG Curve

6 FLEXERH TGMDTG #hsk
Fig.6 TG and DTG Curves/of\Emulsion Matrix
BT I FL R o fE AR ARL, 25:050 °Clf, mhZR EIEMMM FTETUR, KEHRL 6%-

8%, FEXN TR HIFER . AR, SRR e AN, LR K 73 R 2
BE) SUIEIEAHIT . 7E 180-300  °C, NFUEIEFUHTE B, XN DTG 2k ERIRB iR, i
R AR S AR AR R R B AR TN, PR KRR, R SR TR, R E AT
80%. 300 °Cla i/ MIEALE R, ML T V2, TR /DERA Y. & IR TR ) 7 i
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Table 4 Thermal Decomposition Characteristic Parameters of Emulsion Matrix

Sample El E2 E3 E4 ES
To/°C 201.3 195.8 192.1 188.2 185.3
Tp/°C 287.6 286.3 282.4 277.7 275.6

ECUR 7 RS To M EL 19 201.3 °CBHI PR E ES 19 185.3 °C, R it F4IRi% 16.0 °C, FLEAKKI5]
NASAT I S0 P U I N, ER G IRV, WEEIRE Tp M E1 [ 287.6 °CF% % E5 (1) 275.6 °C, Jil
UM R SR B AR AT R AR o FE il E1 SR AU IS A, el o>+ B B KB RE A R, BRTE s
L7 AU AR AR R 285 o T A P T A AR BRI 1 4R A 7 5 SR AU E Rl T e S5 B, Rk
AN To M Tpo LM EZ B SCEERE IR A, BT e B, 18 s AR H 7
THEERIVELE . B AR S =N, FEAE R N EA SR, BEERFL. NERENT
2 (A7 BEAEAS He A FAE SR T RS S RIZY, 39N T SR o T A ROk e, S R R
PEEURFERRAG . LRI S N R IR BE AR BT, (R & T IANEZ A= (£9100°C) S fii A7
W, MRS RIFHHRZERE.

2.4 SIRREIFEIE
FUACKEZG AL SEBR A A S AR, W TG ERGR Z BT MR A . S IR IE M Se 88

6
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B 55 BARIAEE, D L ot A AR, R PAN T 0 B2 S A A7 7 e O B R R — R 5N
ANFIEC T AR AE-20°C 22 50°C (& 25 A N BB 7L A SRS 00 o
25 IRERESKERRTF THREENRER
Table 5 Stability Test Results of Emulsion Matrix under Thermal Cycling
Sample El E2 E3 E4 ES5
Cycles to Failure 10 13 15 18 12

HI%E 5 W50, BEE L LARE S agRgin, FLREL TG A e I S 0 2 2 1) 5 BT R BRI
H AEFLEMBTESECN 1.8%M I8 FIIE(E.

El FEMIREMERZE, 10 DA WG KRBT . et BA m A e 1 Sn R 5 RS PR A
FEARIRIAEE N, AR R A TR 2 AR AR A O 5 A biliAk, R e o A3 AR A I V4 406 1) 1
JIWE, W e s TE ol T AR R G2 pi Ry, B BOR AR TR, R IR B AL KR RS A
Ko BEE LS R, E2 2 B4 MEUEVEZE#T R . AR T, JULARPRRR iR — e 5
PIvE, AEHCRENS BRI WS A T AR T, WG 1RO . L AR R BOLR%I S Fa e e i,
T2 18 NG RAEWTL . L EMRTE OG- KZE 2.4%0, FaEtE TR 12NAERTIL. ML
IS RBAR BN TC TS, B ) L bR T BT A e NP R RIS, IR AR
W AEATBIE S RIS LN, R ) (R 2 B 51 R B I R 2R S R B S BUMK A B .

2.5 KRR

J#  (Velocity of Detonation) & & TV AE 25 Th e /.5 M fVE B igbs, © B TIEL MR
Tr s B VA SO S K )38 S o AR HABAR [R] S5 A AN JU b2 8 1) L A O 24 A ik
RN 6 s

o BRMIKER /s

Table 6 Results of Detonation Velocity Measurement/m/s

sample El B2 E3 E4 E5
Velocity 1/m/s 4598.3 4779.5 4936.2 5125.1 4987.3
Velocity 2/m/s 4633.9 4853.7 4997.1 5235.6 5033.4
Average velocity/m/s 4616.1 4816.6 4966.6 5180.3 5010.3
Percentage increase +4.3% +7.6% +12.2% +8.5%

B AR RO AR R O, LA EZ R R e TR N BRSSO 4
N 1.8%IT IR I KMH, M 5180.3 “m/s. HHEET El, E4 FEEEIRTF T 12.2%. MRERSHE, A
S 24 1R 18 2 SSOSEIR T B A 52 o T R A R AR T BRI R i, AR, AR S BT R e P AR SR A
TR R T 16 BEUZ E4¥ B, B L EARS EMI0, AR R, FLBy IRt s,
S BT BRAE D3RI 8.38 um /N E 6.14 pm,  ZEALT S AT AT R G L R AR 0, BN
JE AR A o7 ST FBR B A o, RS IR L X JEL PR/ o 3 25 il e S X, A2 s R B i
W EAMRIELEAR T, B0 R X A S AR PR 5 7 13 DABE AR, SRR,
M P TSRS R R S, RN RIUOVBRE IR . B4 FER BE BN 0 EREL
PDI &y 1.73, Ml BRI S50, AR TIRE IR AR e &4k, b 7 3 R T I e SRR
YNERE BN E 2.4%8, HPERAIE/NT B4, BIEFEKE 5010.3 m/s. ES5 [1) PDIH
WK E 2,09, REWREN, HRSFOAEE. ALK 2 SBUN X EEAR—F, G
TR RS . SN AR SECT B, ERRS A2 iR, SR
IR RSB e WAR N 1, 2e 20, S Ve s S &V @ MR = €y S N I W 0B 0 R s i A EE 7 A
BCr= AR, AT —E RE AR, S EURE .

34 it
AT IR0 L bR AE 5 A R, et SRR 5 Ay v, AR A T e
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(1) FEmE R FLR I ot 5] AN AR AT RRCA RIS . HERFFIRAE D[3,2]FFK, 7
B W K& 2 7 g% PDI Jedf fa gk, 78 )L BT E0808 1.8%M, 35— PEElf, W 4 10.68
um. PDI & 1.73,

(2) IEREIEFLREET I LG, R AR A ORRR, AARE MERS TR RS, (RAESCRR Ti%
MR RS AN T . HARAAARE TSRS 50, LB E 3 HON 1.8%M), fffEfsse Y, AL
JEIAH 10 $27+ 4 18,

(3) BEVERETTIE, BEE L EARS BRI, BEENER, L EREE S ECN 1.8%), fRiEA
FIEMH 5180.3 m/s, FRAfMEEEAE TRIEIRTF 12.2%.
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Effect of Vaseline Modification on the Microstructure and Detonation

Performance of Beeswax-Based Emulsion Explosives

LI Ming', WU Hongbo?, XIN Youli'!, WANG Xingi?, HU Pengfei?, ZHAO Changxin!,
ZHANG Wei!, ZHANG Chenxi!
(1. Mining Branch of Jinduicheng Molybdenum Co, Weinan 714000, Shaanxi, China;
2. School of Chemical and Blasting Engineering, Anhui University of Science and Technology, Huainan
232001, Anhui, China)

Abstract: To address engineering challenges associated with traditional beeswax-based emulsion
explosives—such as high viscosity of the oil phase, difficulty in emulsification disp&trsions.and susceptibility
to hardening and embrittlement at low temperatures—this study introduces Vaseling<as*a modifier. The
effects of variations in the molecular structure of the oil phase on the rheology, mierostructure, thermal
stability, storage stability, and detonation performance of the emulsion ‘explosives were systematically
investigated. The results indicate that the abundant branched alkanes in Vasclinereduce the viscosity of the
oil phase system and effectively improve shearing efficiency during the.emiilsification process. As the mass
fraction of Vaseline increases from 0% to 2.4%, the Sauter mean didmeter’ D[3,2] of the emulsion matrix
decreases from 8.38 pum to 5.85 um. Although the onset decompesition temperature Ty and the temperature
of maximum weight loss rate Tp decrease slightly, the thermal stability remains within industrial safety
requirements. At a Vaseline mass fraction of 1.8%, the/system achieves optimal microstructural uniformity
with the Polydispersity Index (PDI) dropping to 1.73/Under this condition, the resistance to high-low
temperature cycles increases from 10 to 18 cycles;.and the detonation velocity reaches a peak of 5180.3 m/s.
This study confirms the feasibility of enhancing/the cemprehensive performance of emulsion explosives by
tuning the oil phase microstructure, providing an ecenomical and effective formulation optimization strategy
for improving the adaptability of industrial explosives to harsh, temperature-variable environments.
Keywords: emulsion explosive; oil phase molecular structure; microstructure; storage stability; formulation
optimization
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