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Abstract: The advancement of titanium-based solid-state hydrogen storage technologies and titanium manufacturing
processes inherently involves the formation of hydrogen/titanium dust hybrid mixtures, which present substantial explosion
hazards. To investigate the explosion behavior of such two-phase systems, this study systematically examined the variation

patterns of explosion intensity parameters in hydrogen/titanium dust hybrid systems using a standardized 20 L spherical

= WS B HA: 2025-11-04; &R HHEA: 2025-12-16
EE&WMB: MR ARE¥#IA (52374197, 52474217) ; WG H ARFL2E 5L 4 (252300421106) ; 1 35 A4 FBHEOF & RIS
F4>(235200810079) ; 1 7 24 1= A% B 118 A BA (25IRTSTHNO0S)
FE—1EE: 430 (1989— ), B, Hi+, # 4%, jiwentao@hpu.edu.cn
BIEEE: £ #0(1982— ), &, it # %, yanwang@hpu.edu.cn

085401-1


https://doi.org/10.11883/bzycj-2025-0362
https://doi.org/10.11883/bzycj-2025-0362
https://doi.org/10.11883/bzycj-2025-0362
https://doi.org/10.11883/bzycj-2025-0362
https://doi.org/10.11883/bzycj-2025-0362
mailto:jiwentao@hpu.edu.cn
mailto:yanwang@hpu.edu.cn

55 46 % a0, A EUSVBOR PIAR MR SRR SR A A % 8 1

explosion vessel. The experimental matrix covers hydrogen volume fraction ranging from 0% to 30% and titanium dust mass
concentrations from 100 to 700 g/m’. Specifically, titanium dust concentrations were tested at seven discrete levels (100, 200,
300, 400, 500, 600, and 700 g/m*), while hydrogen volume fractions were selected at eight critical values (4%, 5%, 10%, 15%,
20%, 25%, 29%, and 30%). Dynamic parameters, including explosion pressure and rate of explosion pressure rise, were
synchronously recorded. Furthermore, the phase composition and surface chemical states of explosion residues were
characterized using X-ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS). This integrated approach provides
in-depth insights into the macroscopic evolution of explosion intensity with varying gas-solid ratios and elucidates the
underlying microscopic reaction mechanisms. Experimental results demonstrate that hydrogen volume fraction critically
modulates explosion severity. The explosion pressure exhibits a characteristic three-stage dependence on hydrogen volume
fraction: it initially decreases, reaching a minimum at 4% H,, subsequently increases to a maximum at 29% H,, and finally
declines at higher volume fractions. Correspondingly, the maximum rate of pressure rise rate decreases to its lowest value at
4% H, before increasing continuously up to 30% H,. The maximum explosion pressure shows an analogous trend, peaking at
29% H, after an initial reduction, while the maximum rate of pressure rise reaches its minimum at 4% H, and peaks at 30% H,.
Residue analysis indicates that at low hydrogen volume fraction (<4%), incomplete oxidation of titanium predominates,
thereby reducing explosion intensity. Beyond the critical threshold of 4% H,, hydrogen self-combustion promotes titanium-
nitrogen reactions and facilitates the transition from heterogeneous to homogeneous combustion, significantly enhancing
explosion severity. This investigation provides fundamental insights into the explosion dynamics of hydrogen/titanium dust
mixtures and delivers essential parameters for risk assessment and safety mitigation in related industrial applications.

Keywords: titanium powder; hydrogen; two-phase system; explosion pressure; explosion pressure rise rate

SUME R —FRER . =R, TR RO R RE IR, = A R 7 B (HERA
Aoy S EEAR B SRR R, S BSOS AR A e MBS g, TR E 2 T BB
P, SRR Rk ez R RN I OCHE . A6 R i S BOR BA a5 B | L abEar . Ol
SRR ALY, 2 H AT R BT S A A R AR 2 — B TR WL & E R SRR, B S R AR R
FARRR A S0 B v (B0 B0 4% )« SRR 2 AR SE AL S M £ 32 5 . AR, FE R TR
Ak (TiH, ) 1] 338 J5 7 F) Bk [ 25 Ak Sl BoAR Rk e v, B TiH, A 46 DL OB R # b, RSB A RS
PR E R AL PR ZR o AN, Bl Tl AR A SR 2 b S AR AL, SV AR R 2 AR T
PR H N T AEIRAY o A DR e DR s A PR | A hR K, Wl B LR N B 5 T R 7 4 K
f4m, 2010 4F 3¢ [ AL Solutions 23 Wl A A= K K 85, % S ik dme 00 v 4 J T HL A iy A O ATUBRCK AE 5 1494
BTERVERES B A2 51k, (EAERE S B B R R rp, KSR IR R S8 il R B R 2 A T B RORE, A
KA R, e AAF A A TS BRI A R AR S RN, SRR, AR E3 AT, 1 A2
1, PR /BB AR R R SRR I S LB, o A DG U 1) 2 e By P e i B B

FERAE SR SRR A B XE R M ) SCBE S AR, [ It 2 P 137 P fe I DXl 23 Jd R e et
B R AL A HE Y | 2 A PR AR o o XU DA 45 3 L R N 2 5 58 L 1 T ARG, R AR R R )
(po) « BEKETR ) b THHR ((dp/do),) MU KEIR B . FURG, 238 112 2008 SR U ORBROB J8 K i B2 2 0
PR EAT T RAEATSE, SR WA 1 AN [ A6 05 T SR S ORI BB J8 X 5 B S B AR AR -0 B,
SUTURVBRRS PO AR A R AR KE AR R — RS T A AR e S Bl S AR B 10 &2 Ak id A, HL32 S PRk
7 AR R SO BROB A AR R B A AR AR, UM BRAR PTAH IAR R AR Rtk S A2 2% . HT, B4
SEE R X ST RV P R SRR SR AT TR T (A TR A SRR LR
PSRRI, A E U8R L SRR PR R MR B 285 R P R R U P AR IR 3R 4
WS (EARREMEAMRAE . JUE CA A8 TR T Uk AR AR R I8 K 5l B 2 U AL LR AT 52 27, (H
FH AT 18 H Y S ORI BROR o 20 i B 3 LA B, X LA 4 THT S e 2 0/ BARy R R R g K i B 2 i 8 4
pUE

085401-2



55 46 % W, A VBRI R RS SR R A %8

BT, ASCH IR HIFRE 20 L BROE SR IERE, X Z R0 R SRR BCS o m R LI L T &
SRR PRI ZR BN T T B A T ) B T R A AL AT S, T 25 B AR ) SR AE S0 BT 45 2R, oy
BT S0 BRAS PURH AC 22 AR R K ML, LS00 g Ak [ 285 4 J ok SeBA  IOE H 22 4 I Bk 4 T AT oMl 9 A 7 2 4
fe HEBIEAR Y o

| RREE SR

11 XWRE

KR HE 20 L BRIE AR MERE 8 T R AR CSL I, SC0 R ANE 1 s o i S0 005 B R A 4
WY RGE . KRG BURGE . B R G EE R RGA N . BRIER 3 N I 2 A W ERE 25
i, AR 20 L, Je )2 i BRIE AR HIK, (AR K25 25 N A T B DR REAS R, DT A S5 KRR B ORI S 365K
P 00 HER P DL R S8 1 T A M . BRAR TSI A T PRI 22 5, DA a5 Sk RO BB S R
HIR AR AR o IR A i, 5 AR WA A B2 . BRI IE Th i nT ARt 1, nT DL B UL b A
EFR L MR A S S SR AR i, LA 5 T AR R R 25 I 2 TR U, RELE A
WS 5E EE ST, 25 A% N R ) A5 T BREE g 5 HESCHRI D) FH A HE AR 0 R 2 5 A 25 2 AR e A U % R BRAA
W LA R AR B, RN T e SRR ME R R TP W 7 AR SEBR AT & GB/T-16426 (1) 10 kI fb2¢
MGk (BB L RHFREN . 1 EAL B R 2 el 4 2 3 0 3, BT 2.4 @) AT A5 K

‘ Control cabinet
Pressure collection line

Negative
pressure gauge

Computer
5 Observation @

window

%
1 Air-powder
two-phase valve
Powder storage bin

Compressed air

Pressure
relief port

Compressed Vacuum
hydrogen  pump

1 20 L BRI ERAESCE R B m IR
Fig. 1 20 L spherical explosion experimental device

B ZE 2 3 WO S8 B M, TR S0 WO T g | WO I ] | K SE SR R )R AT I, A Y B
FEWE B Hs 7128 2.0 MPa, BEH3 IS [E] 2y 50 ms, s K EEIR I E] Ry 60 ms, B TR AEER N 1Y 43 A AP 7R — &
PIBEBLIE, PRIk, Fi e S 2 /0 H AT 3 K, U RRUE 19 3 TR S0 45 R S AR B (B HEA T 4347, LA/
2R B BEA LI T B SR TR 2E
1.2 Ie#H

SR PR Rk A A L T 2R T AR AR IR D, SR 99.9%; 2 A T g IR E R SR AT
BRZYA], 2 99.999%. SERRT. KEBRMY E T H A THAE T T 50 °C T4 10 h, LB X Bk S =
RS A A FR AR SERRPE Y S o R R v R R BBE 43 BT X (Mastersize3000) 14 4 HL - i 5 (Merlin
Compact) Xf B A3 (PRLAR 73 AT FOE SR AE HEAT 70 A, Z5 RN 2 Fros o BOBPRLAR BE A B2 IR 287041, v B
12 (Dsy) 49 27.70 pm, BRA UL S A FLMEAR, FRTHLEE, ik, ML . mPBCkiRh 27.70 pm 14k
¥y 2 R ZORLAR A T AL AR ORE CREAS /N T 10 pm) S5 A B0RE CRAR 50 pm) 22 [8], AR Ry FE kAR A A1) T

085401-3



55 46 % W, A VBRI R RS SR R A %8

oy 7R S P AE A ELAVE RS R . [RIB, IR AR SRR S LA T, R34 S R 55 = AR kb i 3
B XA (10~50 pm) W14

12 L [ ]'Volume fraction . 100
Cumulative fraction L
| Dyy=27.70 um / °
s 102 il 180 <
= S
g =
3 160 &
- 2
£ 140
2 =
< E
> 120 3
10

100

Particle diameter/um

K2 Bkpkiies i

Fig. 2 Particle size distributions of Ti dust
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