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Fig. S1. The calculation of formation energies based on DFT. a) Initial configuration of the HCP Ti phase and b) the HCP Ti doped with an O atom. c) Initial configuration of the FCC Ti and d) the FCC Ti doped with an O atom.
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Fig. S2. The calculation of GSFE based on DFT. a) Initial configuration of the pure FCC Ti and b) its process diagram. c) Initial configuration of the 1O-doped FCC Ti and d) its process diagram.
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Fig. S3. TEM images randomly collected from the top, middle and bottom regions of the as-printed Ti-0.615O alloy. a)-b) BF-TEM image of a two-phase region collected from the top regions, c)-d) the middle regions and e)-f) the bottom regions of the as-printed parts. 
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Fig. S4. The calculation of formation energy for an O atom in both HCP and FCC Ti based on DFT. 
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Fig. S5. Engineering stress-strain curves of the duplex Ti-0.615O alloy together with the reference Ti-6Al-4V alloy and CP-Ti.
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Fig. S6. The deformation substructures of the FCC phase in the duplex Ti-0.615O alloy after tensile deformation. a) BF-TEM image of the FCC phase. b) The magnified views of the blue box in (a) observed along g=11 (—)1 (—) diffraction vector, showing SFs (indicated by the white arrows) in the {111} planes.
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Fig. S7. The deformation substructures of the HCP/FCC PBs in the duplex Ti-0.615O alloy and α/β (HCP/BCC) interfaces in commercial Ti-6Al-4V after tensile deformation. a) BF-TEM image of a two-phase region shows the dislocation transmission across HCP/FCC PBs, highlighted by blue dotted lines. b) HRTEM image corresponding to the blue box in Fig. 4b. c) BF-TEM image of a two-phase region. d) IFFT image (related to the pink box in (c)) selected by the condition on the basis of the criteria that the planes between HCP and FCC are parallel. One possible dislocation transmission across HCP/FCC PBs is shown. e) HRTEM image of the HCP/FCC PBs shows massive SFs, indicating SFs serve as a deformation mode for stress relaxation. f) BF-TEM image in the commercial Ti-6Al-4V alloy clearly shows dislocations pile-up in α/β interfaces.
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Fig. S8. The deformation substructures of the HCP matrix phase in the duplex Ti-0.615O alloy after tensile deformation. a-b) BF-TEM, the corresponding HRTEM and FFT images of the twin in the HCP matrix, showing the typical {101 (—)1} twin. c) GPA pattern of the region in (b) shows significantly larger lattice distortions inside the twin compared to the matrix. d) IFFT image of (b) shows several dislocations in the twin boundary. e) HRTEM image of the orange box in Fig. 4f. f) IFFT image of (e) shows several dislocations in the twin boundary.
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Fig. S9. As-printed Ti-0.615O alloy product with the complex Gyroid structure. 


Table S1. Chemical compositions of the raw powders and as-printed duplex alloy.
	Elements (wt.%)
	Raw powders
	As-printed specimens

	Oxygen
	0.610 ± 0.020
	0.615 ± 0.010

	Carbon
	0.012 ± 0.002
	0.012 ± 0.002

	Nitrogen
	0.017 ± 0.001
	0.018 ± 0.001

	Hydrogen
	0.014 ± 0.002
	0.014 ± 0.002

	Iron
	0.021 ± 0.002
	0.022 ± 0.002

	Titanium
	Bal.
	Bal.




Table S2. Tensile properties of as-printed Ti-0.615O alloy, and as-forged CP-Ti and Ti-6Al-4V alloy.
	Alloy
	UTS (MPa)
	EL (%)
	[bookmark: OLE_LINK24]SUTS × EL (GPa·%·cm3·g-1)

	Ti-0.615O
	1020 ± 4
	21.8 ± 0.5
	4.93

	Ti-6Al-4V
	983 ± 3
	10.4 ± 0.6
	2.30

	CP-Ti
	492 ± 5
	27.4 ± 0.5
	2.99


The values of UTS and EL are shown as mean ± s.d. (n=3).


Table S3. The GSFE calculated by DFT. A {111}<2 (—)11> GSFE of pure and 1O-doped FCC Ti.
	Displacement ()
	γGSF of pure FCC Ti (mJ/m2)
	γGSF of 1O-doped FCC Ti (mJ/m2)

	0
	0
	0

	0.1
	16.892
	16.230

	0.2
	49.580
	52.046

	0.3
	74.073
	85.794

	0.4
	86.759
	100.793

	0.5
	44.592
	82.181

	0.6
	-21.658
	36.192

	0.7
	-92.317
	-23.045

	0.8
	-140.228
	-80.739

	0.9
	-175.545
	-124.436

	1
	-198.288
	-141.611




Supplementary Note 1: Tensile properties data of various materials (Table S4)
Table S4 presents the data details corresponding to the points in Figure 3c, and ρ and SUTS represent the density and specific UTS (UTS/ρ), respectively. For literature that did not directly provide specific data, we utilized Plot Digitizer program to extract UTS and EL values from the engineering stress-strain curves.
Table S4. Tensile properties of Ti alloys, steel, aluminum and nickel-based superalloys fabricated by AM and forging.
	Alloy
	Processing
	UTS (MPa)
	EL (%)
	SUTS (GPa·cm3·g-1)
	ρ (g·cm3)
	Ref.

	Ti
	AM
	641
	18.0
	142.13
	4.51
	[1]

	Ti
	AM
	732
	20.3
	162.31
	4.51
	[2]

	Ti
	AM
	876
	14.7
	194.24
	4.51
	[3]

	Ti
	Forging
	240
	24.0
	53.22
	4.51
	[4]

	
	
	345
	20.0
	76.50
	
	

	
	
	450
	18.0
	99.78
	
	

	
	
	550
	15.0
	121.95
	
	

	Ti-(6-25)Ta
	AM
	697
	17.4
	147.98
	4.71
	[1]

	
	
	783
	14.5
	158.50
	4.94
	

	
	
	1186
	5.8
	215.25
	5.51
	

	Ti-(3.5-8.5)Cu
	AM
	867
	14.9
	188.89
	4.59
	[5]

	
	
	1073
	5.5
	230.26
	4.66
	

	
	
	1180
	2.1
	250.53
	4.71
	

	Ti-(0.14~0.67)O-(0.062~3.36)Fe
	AM
	886
	14.3
	193.87
	4.57
	[6]

	
	
	1194
	9.0
	261.27
	
	

	
	
	1271
	3.0
	278.12
	
	

	
	
	1268
	3.2
	277.46
	
	

	
	
	1303
	2.2
	285.12
	
	

	Ti-4Al-4V
	AM
	936
	13.3
	210.34
	4.45
	[7]

	Ti-6Al-4V
	Forging
	884
	16.4
	198.65
	4.45
	[8]

	Ti-6Al-4V
	Forging
	1115
	7.1
	250.56
	4.45
	[9]

	
	
	1066
	11.0
	239.55
	
	

	Ti-6Al-4V
	AM
	989
	7.9
	222.25
	4.45
	[10]

	
	
	1040
	7.5
	233.71
	
	

	
	Forging
	980
	13.5
	220.22
	
	

	
	
	995
	14
	223.60
	
	

	Ti-6Al-4V
	AM
	980
	13.5
	220.22
	4.45
	[11]

	Ti-6Al-4V
	AM
	1114
	3.0
	250.34
	4.45
	[12]

	Ti-6Al-4V
	AM
	1040
	5.0
	233.71
	4.45
	[13]

	
	
	945
	11.6
	212.36
	
	

	
	
	1005
	8.3
	225.84
	
	

	Ti-6Al-4V
	AM
	998
	6.0
	224.27
	4.45
	[14]

	Ti-6Al-4V
	AM
	1042
	13.0
	234.16
	4.45
	[15]

	Ti-6Al-4V
	AM
	920
	17.5
	206.74
	4.45
	[16]

	
	
	989
	10.2
	222.25
	
	

	Ti-6Al-4V
	AM
	948
	13.6
	213.03
	4.45
	[17]

	Ti-6Al-4V
	Forging
	985
	15.5
	221.35
	4.45
	[18]

	
	
	950
	16.0
	213.48
	
	

	Ti-6Al-4V
	AM
	1149
	11.3
	258.20
	4.45
	[19]

	
	
	1090
	12.7
	244.94
	
	

	Ti-6Al-4V
	AM
	1115
	12.3
	250.56
	4.45
	[20]

	Ti-6Al-4V
	AM
	1095
	8.1
	246.07
	4.45
	[21]

	Ti-6Al-4V
	AM
	1250
	10.3
	280.90
	4.45
	[22]

	
	
	1134
	13.0
	254.83
	
	

	Ti-6Al-4V
	AM
	1202
	10.1
	270.11
	4.45
	[23]

	Ti-6Al-4V
	AM
	1267
	7.3
	284.72
	4.45
	[24]

	Ti-6Al-4V
	AM
	1199
	7.6
	269.44
	4.45
	[25]

	
	
	1065
	7.0
	239.33
	
	

	Ti-6Al-4V
	AM
	1269
	5.0
	285.17
	4.45
	[26]

	Ti-6Al-4V
	AM
	898
	13.6
	201.80
	4.45
	[27]

	
	
	1077
	14.1
	242.02
	
	

	
	
	1134
	13
	254.83
	
	

	
	
	1207
	9.5
	271.24
	
	

	Ti-6Al-4V
	AM
	1175
	6.9
	264.04
	4.45
	[28]

	Ti-6Al-4V
	AM
	988
	9.5
	222.02
	4.45
	[20]

	Ti-6Al-4V
	AM
	963
	13.9
	216.40
	4.45
	[29]

	
	
	975
	15.8
	219.10
	
	

	
	
	947
	11.8
	212.81
	
	

	
	
	1016
	12.5
	228.31
	
	

	Ti-6Al-4V
	AM
	996
	3.0
	223.82
	4.45
	[14]

	Ti-6Al-4V-10Mo
	AM
	919
	20.1
	182.70
	5.03
	[30]

	Ti-4Al-4V-(0~0.2)Y2O3
	AM
	983
	11.3
	220.90
	4.45
	[28]

	
	
	1045
	14.4
	234.83
	
	

	
	
	1050
	11.4
	235.96
	
	

	Ti-6.5Al-2Zr-1Mo-1V
	AM
	949
	10.0
	213.26
	4.45
	[31]

	
	
	731
	16.1
	164.27
	
	

	
	
	770
	17.5
	173.03
	
	

	Ti-5Al-5Mo-5V-3Cr-1Zr
	AM
	819
	16.5
	174.26
	4.7
	[32]

	
	
	806
	19.2
	171.49
	
	

	
	
	1329
	4.5
	282.77
	
	

	
	
	1338
	4.1
	284.68
	
	

	
	
	1234
	10.5
	262.55
	
	

	
	
	1274
	8.2
	271.06
	
	

	Ti-5Al-5Mo-5V-3Cr-1Zr
	AM
	1200
	10.5
	255.32
	4.7
	[33]

	
	
	1287
	8.5
	273.83
	
	

	IN718
	Forging
	1446
	14.3
	177.21
	8.16
	[34]

	
	
	1427
	13.7
	174.88
	
	

	
	
	1425
	13.0
	174.63
	
	

	IN718
	Forging
	1311
	12.0
	160.66
	8.16
	[35]

	
	
	1287
	13.0
	157.72
	
	

	IN718
	AM
	1268
	11.0
	155.39
	8.16
	[36]

	
	
	1300
	10.0
	159.31
	
	

	
	
	1355
	9.5
	166.05
	
	

	
	
	1385
	7.6
	169.73
	
	

	
	
	1423
	6.2
	174.39
	
	

	
	
	954
	15.1
	116.91
	
	

	
	
	903
	16.2
	110.66
	
	

	
	
	852
	18.3
	104.41
	
	

	
	
	1400
	8.7
	171.57
	
	

	IN718
	AM
	1333
	8.4
	163.36
	8.16
	[37]

	
	
	1341
	8.5
	164.34
	
	

	
	
	1216
	16.4
	149.02
	
	

	IN718
	AM
	960
	17.5
	117.65
	8.16
	[38]

	
	
	1000
	18.0
	122.55
	
	

	
	
	961
	20.0
	117.77
	
	

	
	
	943
	21.0
	115.56
	
	

	IN718
	AM
	1368
	10.7
	167.65
	8.16
	[39]

	
	
	1187
	20.0
	145.47
	
	

	IN718
	AM
	1372
	12.3
	168.14
	8.16
	[40]

	IN718
	AM
	1370
	13.7
	167.89
	8.16
	[41]

	
	
	1268
	21.4
	155.39
	
	

	IN718
	AM
	1563
	13.9
	191.54
	8.16
	[42]

	IN718
	AM
	1398
	16.1
	171.20
	8.16
	[43]

	IN718
	AM
	1397
	17.8
	171.20
	8.16
	[44]

	IN939
	AM
	1187
	7.5
	145.47
	8.16
	[45]

	EP741NP
	AM
	1357
	12.4
	169.63
	8
	[46]

	
	
	1357
	13.5
	169.63
	
	

	
	
	1406
	14.3
	175.75
	
	

	
	
	1358
	11.4
	169.75
	
	

	
	
	1349
	11.9
	168.63
	
	

	7xxx Al alloy
	AM
	373
	8.3
	133.21
	2.8
	[47]

	
	
	451
	4.3
	161.07
	
	

	
	
	441
	5.0
	157.50
	
	

	
	
	440
	3.0
	157.14
	
	

	AlSi10Mg
	AM
	431
	7
	160.82
	2.68
	[48]

	
	
	403
	6.1
	150.37
	
	

	
	
	280
	4.2
	104.48
	
	

	
	
	316
	6.0
	117.91
	
	

	AA7075
	AM
	541
	8.2
	193.21
	2.8
	[49]

	AlSi10Mg
	AM
	315
	7.3
	112.50
	2.8
	[50]

	Al7075+Zr
	
	383
	3.8
	136.79
	
	

	
	
	410
	5.3
	146.43
	
	

	
	
	417
	5.4
	148.93
	
	

	AerMet100
	AM
	1538
	12.3
	194.68
	7.9
	[51]

	
	
	1997
	11.0
	252.78
	
	

	
	
	2060
	10.9
	260.76
	
	

	
	
	2009
	12.5
	254.30
	
	

	
	
	2025
	12.5
	256.33
	
	

	AF9628
	AM
	1400
	10.2
	178.34
	7.85
	[52]

	
	
	1310
	9.0
	166.88
	
	

	
	
	1410
	8.4
	179.62
	
	

	
	
	1340
	7.4
	170.70
	
	

	
	
	1430
	9.8
	182.17
	
	

	
	
	1320
	10.9
	168.15
	
	

	
	
	1420
	7.7
	180.89
	
	

	
	
	1380
	9.5
	175.80
	
	

	X15CrMnNiN15-3-3-0.15
	AM
	1310
	5.6
	165.82
	7.9
	[53]

	
	
	1450
	9.5
	183.54
	
	

	
	
	1380
	4.2
	174.68
	
	

	
	
	1350
	6.1
	170.89
	
	

	
	
	1340
	3.3
	169.62
	
	

	
	
	1330
	3.5
	168.35
	
	

	
	
	1360
	3.7
	172.15
	
	

	
	
	1370
	8.4
	173.42
	
	

	Fe19Ni5Ti
	AM
	1300
	10.0
	165.18
	7.87
	[54]




Supplementary Note 2: The influence of O on the GSFE of FCC Ti (Table S2)
Table S2 presents the GSFE (γGSF) results of the pure and O-doped FCC Ti. The unstable stacking fault energy (γusf) represents the energy barrier of SF formation, corresponding to the γGSF at the displacement of 0.4() in this study. It can be found that the γusf of the pure FCC Ti (86.759 mJ/m2) is significantly lower compared to that of the traditional HCP Ti (240 mJ/m2),55 indicating that SF is more likely to act as an alternative deformation behavior for FCC Ti.56 For the O-doped FCC Ti, the γusf slightly increases by 14.034 mJ/m2 to 100.793 mJ/m2 with respect to that of the pure FCC Ti. This demonstrates that interstitial O atoms minimally affect the SF barrier, that is, SF remains an effective strain accommodation mechanism in the O-rich FCC Ti. Additionally, the γGSF corresponding to the intrinsic stacking fault structure (i.e., at the displacement of  Å) is the intrinsic stacking fault energy (γisf), which can reflect the stability of the crystal structure. It is worth noting that the γisf of O-doped FCC Ti significantly increased by 56.677 mJ/m2 relative to the pure FCC Ti, from -198.288 to -141.61 mJ/m2. This indicates that interstitial O atoms could suppress HCP Ti nucleation from FCC Ti, thereby stabilizing FCC Ti. These findings highlight that the O-rich FCC Ti is stable and effectively accommodates deformation via the formation of SFs, verifying our experimental observations.
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