45 54 % 45 4 ] Mook TR Vol.54  No.4
2026 4F 4 A 55 35—46 11 Journal of Materials Engineering Apr. 2026  pp. 35—46

Sl AR L, 25— AT SR S S TR AR ) IR BB B /S A A SRR A B R T IO S PRI SEL T ] AR TR, 2026, 54
(4):35-46.
CHEN Hang, LI Yike, MI Guangbao, et al. Dispersion uniformity of titanium alloy/graphene oxide mixed powder based on
deep learning image segmentation[J].Journal of Materials Engineering, 2026, 54(4 ) : 35-46.

ETREFIBEGISENKSE/ENAER
i A MK 5 B 5] R 3T

% ML, E— L EREET FEAT TG
(1 17 TRREAR K MU T AR, 1T B 123000; 2 A EAT & Jb 5t as #ORMIF5E Be
SRS i as BHE S S50 %, JL AT 1000955 3 AR ks B E FRiE & Fhos , AL AT 100084 )

TEE A &/ A A B85 (GO) TR A WA Y 43 534 20 X 1 4 1o B A BRI ok L i A M R 62 . RIS 4
W7~ GO TESk A 4 W00k 2 181 A W B IILER , 5 5 T TR BE 2 2 FEUR A BRI GE T o0 BT ik s, GO 43 B8 50 Pk 1 22 i -0 T
B, GEREN . R REHRE A S TH 12 hiiR A R, L SEM 0k L BUS B 35 BG4 BE RIBR GO R4, GO 5
BB 4 U IE) AT 1 PR AN 0 22 BT 77 A (R 4 i) kA 4 JOUREAG BRF IR 7 2 GO B % 5 534, L GO HH B iy
104 9 U-Net W 25 85180 75 18 5 8 4 1 GO 1 43 #1E fE FE T DeepLabV 3+ Fil PSPNet, fEMLIE N S 50T ,
U-Net 5 ENRA BT GO BTN =4 3134 3 0.9433 1 0.8774 By B o B T3 b A5 5 (B 10 R e S 119 58 S b Al 7
DO BEFE R IRR P AP AT A . =R 5 BERE la KG 4/ GO R A B R i Rk B p e s X F &
0.15% (B 438, FRD GO BRA A, LRt HE T2 400 r/min 341 40 min, JE GO 28 Ay A7 1 22 Fbe 22 73510 b
0.82% M 2.15% ; %FF5 0.30 %GO (IR AR A, DL et 3 1754 300 r/min 53 80 min, GO & 5 (AR 1 22 R 22 735 N
1.03% F13.40%

R KA A /A A B IR A AR s A3 RIS S0k 5 B 4381 5 MR AL

doi: 10.11868/j.issn.1001-4381.2025.000491  CSTR: 32421.14.j.issn.1001-4381.2025.000491

mESES: TB331  XEFRIEEE: A XEHS: 1001-4381(2026)04-0035-12

Dispersion uniformity of titanium alloy/graphene oxide mixed powder
based on deep learning image segmentation
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Abstract: The dispersion uniformity of titanium alloy/graphene oxide (GO) mixed powder is crucial for the
preparation of high-quality graphene-reinforced titanium matrix composites. The mechanism of GO
adsorption onto the surface of titanium alloy particle is revealed by theoretical analysis and a quantitative
evaluation method is established based on image segmentation using deep learning and statistics analysis.
The results show that the SEM secondary electron images of the mixed powder dried for 12 h after solution
stirring mixing exhibit high imaging contrast and strong GO adsorption state. The additional pressure
generated by the pressure difference between the inside and outside of the liquid bridge is the dominant part
for GO adsorption force onto the surface of titanium alloy particle , which is ten orders of magnitude higher
than the force of GO. The U-Net network model demonstrates superior segmentation performance for the
mixed powder and GO compared to Deepl.abV3+ and PSPNet. Under the optimal training parameters,
the segmentation accuracies of U-Net for the mixed powder and GO reach relatively high values of 0.9433
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and 0.8774, respectively. The stirring blades shape, stirring speed, and stirring time are optimized by

numerical simulation of stirring process and the established quantitative evaluation method. The paddle with

three inclined blades is the preferred stirring paddle shape for preparing titanium alloy/GO mixed powder.

For the mixed powder containing 0.15% (mass fraction, the same below) GO, the preferred stirring

process is 400 r/min for 40 min, where the standard deviation and range of GO content are 0.82% and

2.15%, respectively. For the mixed powder containing 0.30% GO, the preferred stirring process is 300 r/min

for 80 min, and the standard deviation and range of the GO content are 1.03% and 3.40% ,respectively.
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Fig.1 Mixing device and images of mixed powder and label

(a)mixing device; (b)original image; (¢)input image; (d)label image of GO; (e)label image of mixed powder
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