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Effect of Heat Treatment on the Structure and Properties of
Graphene Controlled 3D—printed Porous Titanium
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China)

Abstract: The traditional fabrication process for porous titanium has certain flaws, which results in difficulty in replicating
and reproducing the structure and properties of porous titanium materials. In this study, after the annealing treatment of
porous titanium, no phase transition occurs in either the porous pure titanium formed by selective laser melting(SLM) or the
porous titanium with added graphene. The microstructure of the porous pure titanium transforms from a lamellar o’ phase
to an equiaxed « phase, and the grain anisotropy disappears. For porous titanium with added graphene, the transformation
occurs from a lamellar o’ phase to an equiaxed o phase. The formed titanium carbide is dispersed throughout the titanium
matrix, and residual graphene remains in the matrix due to the low annealing temperature. The mechanical and corrosion
resistance properties of both the SLM-formed porous pure titanium and porous titanium with added graphene change after
heat treatment. The Vickers hardness decreases, while the compressive strength of the porous titanium with added graphene
increases to 345 MPa, a rise of 9.2% compared to that of the porous titanium before heat treatment. After heat treatment,
the corrosion resistance of both the composite material with added graphene and the pure titanium material without
graphene decreases.
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Tab.1 Chemical composition of titanium powder
(mass fraction/%)

JLE Fe o H N C Ti

£ 0.04 0.061 0.0009 0.01 0.009 Bal.
1.2 AEHAE 3D TN S FLAKRHFI g R ab 12

g il £ BRI Z LR, &AL
%R 200~1 000 wm (38 FL , 05 il 7124 M fe R 4F i
B RO AL R T S E  EE T 2 ALg
FRIIE S T B A E B2 1), B s B BT T T R 51 5
g4, feiz i SolidWorks #1F 43 A 9.75 mmx
9.375 mmx10 mm [ ZFLIAK , FA8H] 23 J2 30 0F R s
A14y)2 . f# 4] Concept Mlab cusing R 4 J& L3 a7
BL3 5 LSRG LA K & A A s i Bk (A 3800 5 B
1%)E A kil 25 1 2 FLTi F1Z4L Gr-Ti &4k,
TE OGS R T A 2803k 3 fos, U
R AR SAE RGO SR, B X BOEHE AL R A
SERLJE , 1 FH 2k U1 BIALK 10 A S AR L U] 1), 75 3] e
R ZALEL

S 2 BR Al BK 1 Ak B R RS £ ] GSL1700X

iz

BT BRTE SRR TE 35 IR AR 43 47 2K (a) S A 4R 8T, (b) A2 43 A 1)
Fig.1 Morphology and size of the spherical pure titanium powder: (a) SEM image, (b) size distribution!'
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Tab.2 Properties of multilayer graphene

4l /% JEE P /mm i E R/ pm 5 %/(S-m™) AH % B 4/ % SR A Y% R M A /m? g
>95 30~50 5~50 105 0.5 0.5 0.01 100~300

2 ZREABKGIK T HEIEH . (a) TR BIE A, (b) 35 5 i BOE Sl
Fig.2 Morphology of graphene nanoplatelets: (a) SEM image, (b) TEM image!"®
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Tab.3 Parameters for the selected laser melting process

ot AEE @REE S [BiEE . St ER
/W /(mm-s™) /pm /pm /pm
70 800 25 60 45
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I, BE DA A, 75 5 A0 B S (1400
1.3 AL SHaERN

fifi FH B AR # 7 ik X £ 4E 9 JSM-7800F 37 %
S 951 4 P OB X T A T R R AT O0E 2 20
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SRPASCXT S 56 ek DA K i) £ B el A SR AT W AH 43 T
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F4) Bk XU 235 g R ) A 20 1
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5 mmx5 mmx7 mm, 4 7 0] 5 38 X 6 E AL B9 T
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p=201 (3)
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2% 4 Fron ik pH R E 7.2, iR o 37 °C L%
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Tab.4 Composition of the Ringers solution

% CaCl, KCl NaCl H,0
Eritlg 0.25 0.42 9 1 000
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] SEPERE 4, BT LA XRD A7 5 U6 1 A X 58 8 3

A,

P 3 SLM il % $A AL B1 i 5 A 5] 2 LA BE XRD 14 3%
Fig.3 XRD patterns of different porous materials prepared by
SLM before and after heat treatment
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4 SLM HUE Z L 40 SR PAL BLHT S 1 4 AH AL 2 - (a) $RALBRFTIE 1 T UUAR 75 18], (b) #AAL BLRTF-AT T U071, () #Akk 21
BTG [, (d) #ud #5 P AT T UL 5 1)
Fig.4 OM images of porous pure Ti prepared by SLM before and after heat treatment: (a) perpendicular to the deposition direction
before heat treatment, (b) parallel to the deposition direction before heat treatment, (c) perpendicular to the deposition direction after
heat treatment, (d) parallel to the deposition direction after heat treatment
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Kl 5 SLM il 45 £ fL Gr-Ti &G B AL BT S AS [5] 77 190 47446 i 88 BRR  (a~b) #A 4k BT 28 1 T U0 RS 18], (c~d) #uAb BEAT-F47 T
DUBUIT 1), (e~f) FAAL S 58 B T U0RUS 1], (g~h) #ab U5 P47 T U0RUS 0]
Fig.5 SEM images of porous Gr-Ti composites prepared by SLM before and after heat treatment: (a~b) perpendicular to the deposition
direction before heat treatment, (c~d) parallel to the deposition direction before heat treatment, (e~f) perpendicular to the deposition
direction after heat treatment, (g~h) parallel to the deposition direction after heat treatment

6 Z AL Gr-Ti 245 BHIAE B 7 55 i B IR R - (a) RUXIB A, (b) 181 a ZEAEAL ORI, (o) 181 b [0 B b i 5 A4
Fig.6 TEM images of porous Gr-Ti composites after heat treatment: (a) morphology of the scanning region, (b) enlarged image of the
red box in (a), (c) SAED patterns of the circle in (b)
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P 7 SLM il £ # 4k BT T AN 7] 22 FL b4k i TG Al
Fig.7 Microhardness of different porous materials prepared by
SLM before and after heat treatment

G MORERY A TR B2 By 503 HV 4228 430 HV,
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AL ST S i v AR 2, ATRLR B, #b 3
1 Z fL2LEK AT Gr-Ti B & A B BT 58 B 43 0
277 F1 316 MPa, #AbFH)S 53504 214 F1 345 MPa,
R R R 2 57 B A i), Z ALK iR T IS AU,
WL S IAEAE S 5 RT3, FECRA ST AL,
PR LITH BRER AN T, B SRR I ML R 4 50 1 &
KEE, Ik, ZAUM BT 38 B S 5 N )
B R BR B ETHE . B9 A SLM il % Z FLali gk fl £
fL Gr-Ti & A A R4 BR S 5 46 B R S0, 7 2 0
A AL S 22 FL AR B R SRS Ak BT £
LA R T FOESARRL, ¥ 2R T R4 T
I S W EAE RO BT LE H AL B S 2 fL AT
BH W DR B B 5, R ZfLalitk 5 2 AL

Kl 8 SLM il & ZFLA15K 5 Gr-Ti & & 4 kAL BT 45
IR k=
Fig.8 Compression stress-strain curves of porous pure Ti and
Gr-Ti composites prepared by SLM before and after heat
treatment
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Gr-Ti & & # kA 4b B 5 65 1l Hs A7 ML -0.325 V B%
2] -0.392 V, JE i FL i ALA AT kg i, M 3.28x107 A/em?
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FEREAR Wl b T BiA R AT AX AL, FAAE B S AR i A
DTS B RE S AR 25 5 T8 1 3% 11 A 2120, 8 ot
I REAR 8 Tl R T i, ir LA AR B )5 A R 1 3 T R
A FEF G b RE RIS
F5 SLM# & @ik MGr-Tis & M RHE AL IB 5 (0 78 h e

1 5 5 1 i

Tab.5 Corrosion potential and corrosion rate of the pure
titanium and Gr-Ti composites prepared by SLM

FE i 24 % 4lifk Gr-Ti Z 6 M ¥
Ecorr/V -0.672 -0.392
Icort/(A - cm?) 5.58x107 3.87x107

Kl 11 2 SLM BUE 8EKFEF S Gr-Ti B 4 Mk
FEAE R AL 35 B DU A5 (4 BELC 133 B Nyquist B, M
EIpal LA, RS Gr-Ti & & MR F 5 4l
PR AR S LB — B 25 HUIVRRAE ™)) B #oab 3 f5
1) Gr-Ti Z 6 M BHE A PTIRER K T HAb 3 5 40
M BHR A PTIER BT DL b LS Gr-Ti 2 &4
AL JE P BE AL T AL BRSO 4B BR M R, X 5k
i 2 i 25 SRR — B, ] Zview FAx #Asb B
J& Gr-Ti &4 MRS SE AR Y BE BT I 12 25 SR 2k
TRal, BIAE R 6 i, MFE 6 hal LIA H
Gr-Ti B A M B 5 2 B 2 72 A 3L 5 B FL
FH R2 fH 245/ T #hab ST A rLBELME 16 W] #Rab 3L S

6 i&&iiﬁ)ﬁé@ﬁ%ﬂGr—TLﬁﬁMﬂ%?&EEE%%#H@?U@(
#HR

Tab.6 Fitting results of equivalent circuit components of
pure titanium and Gr-Ti composites after heat treatment

FE b R1/(Q-cm?) CPE/(F-cm?) R2/(Q2-cm?)
SLMed pure Ti 74.76 4.897 1x10° 28 327
SLMed Gr-Ti 39.71 4.848 5x10° 45124
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519 SLM il # Z AL 4l Sk F1 2 L Gr-Ti & & B4R AL 215 R 45 8 B A . (a) ZfL2li%k, (b) Bl a 2LHERCR I, (¢) Z4L Gr-Ti Z &
MR, (d) Z4L Gr-Ti Z5 MK (e) B d ZEHERCRE () Kl e £LHERUR #
Fig.9 Compression fracture morphology of porous pure Ti and Gr-Ti composites prepared by SLM after heat treatment: (a) porous pure
titanium, (b) enlarged image of the red box in (a), (c) enlarged image of the red box in (b), (d) porous Gr-Ti composites, (e) enlarged
image of the red box in (d), (f) enlarged image of the red box in (e)

5 10 SLM il % 2l £k F1 Gr-Ti & & 0 R Ak 28 5 9 1 £k ith £&
Fig.10 Polarization curves of the pure titanium and Gr-Ti
composites prepared by SLM after heat treatment
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KOG AL % 19 2 AL Gr-Ti & G A e BE K 1) 1%
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11 SLM il #& 2i SR Gr-Ti 545 B0 EH AL LS (4 BT 1%
Fig.11 Nyquist plots of the pure titanium and Gr-Ti composites
prepared by SLM after heat treatment
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P12 FRALBEXT Gr-Ti 26 MR 2052 mi AL
Fig.12 Microstructure of the Gr-Ti composites before and after heat treatment
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