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B 5 £ 4 A DA — P sl 22 Fh o Is & 8 AR ALY (i WC B TiC) 34k, DL %48 (U0 Fe. Co. Ni J¢
HAEE)V RS Z M SN R ORERE . G, SRPERCR . WA B, DL R R4 AT S
iR SR R M SR A AR, BB A &R B 2 M T T B &R D)0 R B kA . R
B T RER IR 2 A, I B SR A, g e Tk F 5t BT, RS SRR
KA ARG EITIEE, SRR E . FHEERD R, RS SIE F M, RIGHR I Reas Brs ik Jy il
R, SRR AN ARG EE R, FTEE . RihEdithesi ik, RGN & &Mt . BRETT
ELZHEA FE, BT RIS, HRIGEE TR & TARMEE KB ™ e JeAh, ARG &
T2 FrR SR F5 AR 7 S AN A RS SR BT ¥t N X EG™ @R A AT, JEE
B 7 S AR R A LR I SURIREAC o X TR S AR A (07 i, S A L R ) % e DR L 22 T
Fo SR, BEAG BTG < N VUK 4 R, ORI 22 53 25 ) R A 5T 5 < S TR o) o BT 2 PR B 58 A0 T 75 5K
MR

3D fTEIFAR(3D Printing), 7RFRNIEALHiE B AR (Additive Manufacturing, AM)EHRE 7 5 H R (Rapid
Prototyping, RP), I yE A& dn I hliE R it 7 okigte. BT, M TR &6 3D
ST 7 A 5 T s e 0 1% X 8 1k (Selective Laser Melting, SLM)/#061% [X 5245 (Selective
Laser Sintering, SLS)/ 0% T #5144+ i J% (Laser Engineered Net Shaping, LENS), & T-#% Hi a2 U4 S s 22 1)
i% (Fused Filament Fabrication, FFF)/ 5 %% (Direct Ink Writing, DIW) LA Az T W5 5F (0 Kk 45 771 w5 5 47 Ep
(Binder Jet Printing, BJP) [1814

HT = AE A SLM/SLS/LENS J&t 3D FT E[VEE 5 & 4 S 1% FH B e i 22 1 5 R0 %576 355K 3D
FTENEAM B AR B AR R I PR RE . SRS &, BB/ RLEE /A48 . BRIMRE 1. Tl Itk dr Fp 6 255 B 46
SR, RS B R CRE AR AL )il o AR, RiAedi/, SIS, R3EEEAR, I Hisd s
e B JEE PR S5 5 e AR AR M 5 A T B A7 P JE Wl 2 3D TR L2 K. 53— U7, WC AHTE mife
JER IS TS LRI S, #4548 WoCo BALLA Z5MWBF 568, %A LENS $TE1f{ WC-12%Co
B e AE I A AR TP AR L T WoCo BEAL, BT 2 — A e s A A AL e 22 S AR K BB B Bk £k
VIR & @ RS AR R S S Akl . X 5 350 BB 'S AR B M LA TR B 4 38 45 A i e 4 e ot ] g 7 5o,
M DL R A 1) 77 2 3 e R a . O TR 3D FTEME TS A B, BEARRE AR T 2Rk,
FIENEST BN R A IS B0 AEAT BN R B 48 CulR Col®14%, sl AT JR s b #1125

HEFHe R ALY DIW A FFF 852 3D 4T ERRERT £ & 1 7 vkl 10, bR 50 R LENGAUER %15y 5l
K273 % 3D FTENAE BT &<, KM FFF 1 ENARE 5T & <5 3R A7 7E W A0 ) J2 (IR, Jm i 9 0 ANiE
SER R FLIF AR 9] BN LI o DIW 2 — R ] skl B2 RORHEAT 3D 4TERI VA, 7E 3D T ENFE & A

2!, ZHANG 25U ITERR T & S A s A () 0 SR %07 )4 WC-20C0 B A 4. %
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FARBIRALET 3D FTEDHLAT 15 43 & BHEER F L4 K FDM 3D #TEIHL, A7 76 ) 32 22 ) LR B 4 4
i) it 2 T AR 72 LA LAGRAIE T B 3 1) (R e

SR 3D FTENRE SR & & (71502 BIPUS, 53T mBe A SLS/SLM %5 U7k Ml [, %05 120 18
BRI B SR AR S GBI MEST  FA%E 5 R #). ENNETI 25152 ] BIP |4 WC-12Co 5 & &4k, I
o 5 2 AR TR R I B8 45 (1.85 MPa, 1435~1485 °C+5 min) Al /& KN Be45(1.85 MPa, 1485 ‘C+30 min)J, 3k
B0 5 7 i (0 3% B RS 23 519 13.1-13.5 g/em’® A1 1217-1357(HV30). th4k, BIP 3T EVRIAE 5 4 4 B4 %
UNIES

N SEYL 3D ATEMRE A 40 B, ASCERH — Pl TOREL 3D FTENRER & 410770k LA R RIS
EONJERL, FEEBDRER IR A, e GAT BV A A AT SRR IR, @I AL HE R IR SRR A R
BB G 4o %7K AL 2 P SR SR A R 5 i 1 & BB AR JEARES &, i)
3D FTEMREL T — R ST . W SCR RSB AN 0 6 BT oy BB AL T S8K (SR AMR AR M RE AN AR e
M, B RS R HTAHT T RTIRAR AR AR, IR XRD 75 0GR T 185 3648 LA Ll e A Ak
HEPEYIR R R, ARG T R B A5 AT 3D AT B A A

1.1 SEEHR

S FIT FH AR 30 A0 R 43 391 A D 5 R 4% (N HLy ) s Ho W 12040 XH0) - LR (CoC104-4H,0),  HLAL A TR I
FR(AA), ¥IeH BB Hr T AR R A TR A ml 9 it . SIS & i — W R IR IR(PEGDA) Y H b £
A IRAR, 5 RFINA AR K Magdassi 012 52560 = FAEI 9K RS 1 2,4,6- = FEHE 2 R0k —
RIERANS (nano-TPOY'™ . SEBRFH IO 2B T N 28 & il DL BRI o b, Al 2 i A AR
Hofib A7
1.2 IR

SOKMH % B MR, IRTR. LIRES. PEGDA Ml nano-TPO #[8— i LI/ T — 2 B EE
TR, FRREABAE 2 h, RAFEM . BEKER. Ho, S EREIRE RN T 50%, WIS LR
BRI B IR i 23R 15 WC-6Co i &< EL B E « SRR butdl . DIOK TR Jy 2.5 IO EEHBIAE
TR, TPO HIMAE NVEFI 2%, PEGDA KIS AN 2%, FHAIIA 50%-100% )t R #
HEG R

K 385 nm 28 AMGIB K Pico 2 DLP Y[ 44 3D 4T EPHLGE AT Asiga 2 5] )FT EE T 4 4 A K44
AR TZZH08: $THZEE 100 pm, BEAE] 1s, S5RFETIR] 0s, Helms BEAI BTN 5 mm/s.
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S2BR b, FTENSRARAORE T A 4 i R AR — Bl S B SRR, Sh KBRS, T LT, P R b
AN WCL BN Co, FHRESURNNIER &4 AR E TR AR, ARRdT B e e
R SR TR BE 3~4 K, SRIEHN 60 CHISAT AN FTEE 5 Ko AR TRATIRE., Wi
BRI T SR AE R GE L 2.3 /Nah)iE miR R AL B T2, AE iR UV U (KJ-T1600-L6010LB1,
HEMIBHE B A 5] SETE . BAR T 208 : AU L 2 C/min FHEZE 500 C, FEEZ%AF T 5 C/min
FHE A 1300 C, TE@SSAF S C/min FHEZE 1450 CHARH 2 he
1.3 W55

K H MARs60 ¥ 2 X (#[F HAKKE 2 7)) #/K 1 UV RARTERE KRR AE HOBRE L IERE, SAMBKAE
320 ~ 500 nm Z[&], Jeillid Imin J5IFE UV AT, LIS 4 min BESLGER. KA UV2600 540700606
FEH(H A A 7)) SRk R e v, AN KAE 350 nm ~ 800 nm 22 [A], #2438 0.5 nm. S/ STA-449C
T [6) 25 33 AT A (B R T 3 2 =) )f 3D T EVARE ity S S AERREEAT A0 H7, TERSAFEKAET, BAS C/min F+
IREFETEZ 900 C o >R H] D/max2550 B VBx SFZATHAX(H 4 Rigaku 2 &)l %E sl o 4h 7= M) KA 2R

FRGEE 8 °/min, FHHFETVEH] 10 ° - 80 °,

2 ZER5THE

2.1 SIEHRERKBEMERESEL MR

i E TR B 7E S 7K Hh I BE R R i SR 7 i B S e R M R R 2 — o B 1 B o i B e 7
TR TR 5 R (LSRR TR A5 V7R PR POV AT o i Py R B A 5 A e A A5 W AE /K R S A P B K — b, 7E 100 ml
IR ATIE 300 g0 FHIEIRT A, Bl K/ AR RR L AE (RO om0 e 7 1220 AV 79 v (0 gt P S
wan. B, VAMREEBEAIGER IR RN RS T AR 3D 4T ED AT RR /R i S AR BOR AR R AL
MBRAES, PEMR] T ORFFAR E (1 = 4250 SR SR he A5 BUBAL, A R B TE S8 7K v (194 B2 LR P BB A o
HR IR TR, B2 5 TR T, A SR KRR e e 22 . ILAh, TNIRIRN 2 5 TR & IR L I £ 22
gk, FRARNBRSERL, KA RE RIFMEEMIER. 2567 88K T AR A AL AL
, {EARIMA TPO M1 PEDGA HITHHL Y, K/ LB E N 2.5, [FJIN AT BE 53 VA R RE AN IE 160% .
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Solubility

Water/AA

BEL 1 i 2 VA 70 P O T R
Fig. 1 Solubility of ammonium metatungstate in solvent
KA T WOt 73 I FETHIITE AN R S N8 Eh SR /K B IZ e R MO BE i 8K AR €

o P 2(a) A7 A 2R BE X 45 3 SR /KAE 385 nm P IE VR M. HEIT A, K& PEGDA Fl nano-TPO
7K HE G AR B ER AL OGN T B . HERIREE R T 100%2 )5, 3 6REEER R BT SURIFER. Bt
bk, ZE Bk PEGDA 15| A5 nano-TPO FIINA L 5. 25 PR S8 K HIE 63 Bl A, 24 3k 2 80% T, PEGDA
A nano-TPO A INEIE Rt 74%F4 5 22%, FEIEIEF] 236%. P ML, PEGDA Fl nano-TPO F#{ik 1 8K
S ER VAR, BRI KAREERCE L . XATRER i T I RN T SR B ILR, FEK I BR AR A 1
SERBE KRN, T3k — 25 BRAR SR R WU K P AR Y, B RS 1 S R SR 2 AE /K (7
FRIZ o 1B 2(0) BT it B 1A]0) 5 h S8 /K 78 4 BOE O ICR 5e s . IEmT &N, §FE 6 h 5,
KRR —E R R AR, I HLBEARNE 2 R 2 SRR EE N M B i Koy 600 nm i, e
B 60%H & BRI 1.30, TEHE 6 h 2 5 eI TS 2 1.61, R 24%; Hritic &K 110%

HEERAOCBIE N 0.61, FHE 6 h ZJEaRICRTT 2 1.43, 1R 134%. KR ELRES, T
RA NI, eI, JF BREERIKR R R 7 B XAMIRAR TR L 3D 4T
BT, #hAOHT 2 S B e (0 ER IR S DU R H a3 B R R IR B 22 BEOR, AT Jim ST M Ske

SRR BRION T ARUEFT BN &, 7E 3D 1 ERIN 220 OB 6 e B 1 s20K, 2 3 & B AR A R H 100%,
H e I B A 1 28K 7 R RIT B (<6 h).
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== Ink for 3D printing without TPO and 252
= l1ik for 3D printin

= ik standing 6h with 60wt salt

(a) (b)

B
o 110w1%% salt

Transmittancy
Absorbance

ppi—|

G0% 6% TO% TS%  BO%  RSW  G0%  45% 100% 105% 110% 100 500 GO0 T00 8O0
Tungsten salt concentration/%o Wavelength/nm

2 ()N SRR EIE DGR (0) AR ZH 70 15 L5 T AR SR K R MR
Fig.2 (a)Transmittance of different ink components; (b)Absorption of different components standing and fresh ink

B 3 o AAE 385nmUV SthR 261 S8k AL 1k RE B AR RN R A9 A8 1K . B Tmin 2 5 HOSR0K, 7E
UV ERERIRT, SKMspEsE SR LT, ML 2O S . XFR IR E b &R E B e, &
FETREAN 3D ATH. 1ZRE PO MA B RS RN, R SIR . BEK ., B2 LRI
% 4 N BL RERMNERER 4 BB B0 BEVI. AR, i 3 P, LS. HE 3
R, SFIAR AR . XK, Y651 KT nano-TPO VG TEEH, HL5IRF=AE M B =l B3 1 FE
Bk (BT EEHDE TR RINRE, FOVENE B HEEAE it 7RG AR MER, R, &K
[T E R ) T8 o AN 446 1L 1 I R R T RS P LIRS UK IR BB GUTLdR A,
JUF2BEZ ETR R, RRBEE R R, X RIEW SAGE R B, RERPORE, BT 3D 4T
EFI PR T, RIS D A S R A BE R I B e TILZR &b ). SR R THCE A WTE N,  RBePHAS 1K
BEEHEERES, BEERES K TAEEE A BENIR, BT SRR, VRS EM.
SOKH) GHERZ:, FHFEE T FEPRE, KR TEZ UV IR TR RN Z D, gL IE. fT
R RARIREE TR, VIR AFEHARNE, ML, SCRE MR, ke, Falnk
. XRWZ UV KRB HEEA SR NAEE R
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Fig. 3 Storage modulus under UV irradiation of the ink
2.2 WBRASEHIEAE 3D $TEN

B 4 B BRI A ST IR 3D FTENE R, TR A M E 7 AL B (DLP)T B i J5 2 i el ]
4@)ffis. SLTIRFHH UV ITTERE T 1326 PR — 2 B R0 UV e EBOH (54T I, 5kt
FEJFS B IR, SRR T 12 BB 5 180 B 4T BT 65 (R BRI A S8 K% T UV 6 B ZE T A6 I RG BR8] B 4T
EIP-& Lo 7E Z#orm L, STERRR Pt B BATE T & 5iE B MR, B E e, ERiEs).
BB 2 & N 77 SNHEAT 3D TEL. [ 4(0)F1 4(c) s 43 3 N AR 50 P T 6 [ A 1 B0 A v #59 BR e P 38K
M1 DLP TENffI B 450 . AR il 5, i m a2 —mdidh. GIRUKARmE SR, g
KB (E/KE Y 34 wt. %). AP RKEAEE HK, PIRZK. B BKEPRSTEAE TR AT, 7l
WL AT, PEKS A EAKENERK, A B EPRE B TR 2%, mEEE dK
BAMERRE . FETRBRIERR Y, W G A SNRIRAEEWR BERB R, HLARTHIZK 73 28R R, DRI 3R B /K A R
Ko RIZTHIG, AHIERERIY R B RS SLR, AR A RSN B, A TR RS, R
ARG IFERN B E R e T BEAh, R A R AU AR AN 50, PRI T o B sRA%
HIAY, 0 3D FTENL M 2 AR T H PR B R P, Rk, A 7R FA A+ s 1y 3k i 5 4
I BEAT SR 0 o Sl MUFT B R 06 3 45 M) i B E SR PR TP BEAT A8 0, 25 R 0 B AR R S 2 )
PIMETR: SRIGTEON 60 CHRIBUR TR NI AT, BB B 4B AT )51 3D
FTENRERT 5 AT IR MR . WL, B G5 R E C @ WPIRE A8 TR B B B SR, 7RSI AR o (U4
2N 10%/E A5 .
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(b)

. + -

L-L-l _ {e=2}

B4 J6IEL(DPL)3D T EH AR ST ETRT IR, B (a) I £ 3D 4T EFH AR (o) AT EFT I SR7K; ()3T ENJ (93 B2 45
()T IR JE 45

Fig. 4 DLP 3D printing technology and printing precursor, namely (a) light curing 3D printing technology, (b) Ink for photocuring
printing ; (c) Wet gel structure after printing, (d) Structure after drying

2.3 BB EMR

5 PR RIS IR . CFRES . TIRIS I 3D 4T EIEEIR AR 5T & < BT IR R 0. A 5(a) BT,
IRESRRELTE Ny SR P INIASEA — BRI IR M. WEIRE] 150 C, ByRBE NHEY 2.7%, XFELZ
EH B BOR A 45 K R RS L B AR B S A R A S B . A 150 CTHIRE 350 °C, MyoR4kakk
B, REFLN 4.5%, R ARF RS TS A NH; %5445%H, 5 David 25 AP — 30
M 350 ‘CEI460 C, yARFEIRLLIFAL, KEZRN 1.0%A A X FH A 3225 RS B AR 73 fif A= il s AL
(WO TG B R . i BT 460 C, MR MRTES, FEIEAAL . KR MEKRERN 8.9 wt.%,
R ER 8.7 wro%AE I,

W 5OFR, CRRENTE Ny SR ZIRAE T — RIVMRRER N . FERERE 150 CZIH, LR
TR B GIK, MR KR ERL N 28.8%, SEILKEHA 28.9%HiL. M 150 ‘CHI300 C, ¥MARKERL
N 9.9%, KDY C-CHEMHEEL C-O. Co-O B IRA LY, SR, DIHARYE K E R Hr ik 41
B, ETPIATE, ARERE. W 300 CH 370 C, HEREHE B OMER Co04 MAK
HAN 26.8%. 1E 370 CH 420 CZIA], Cos04 73 fiHEL CoO, MARKEREN 2.0%/ . XK HE
NCOR SRS — B FEBEJE TR R, R R AN RS, R R O 5 A RN ERSE I CoO.

FETFHR R, BT HRAERDRZ AL, ATIRE A ER A WA IR R A0 . B S(e)RI(Q)FTR sy
N5 B 3D AT ENBERA B S AR 5T < i SR AR A 0 M. 118 S()mT o, IR THR 2 300C, A
P & RN, KRERN 20%A 45 M 300 CALTHREE 450 C, HHS MR, 751X
150 CHIIREZZRL RS, REFRILF] T 61.1%; 1M ZilkE#ET 450 C, AHMIREREAALE, RIS
TR TRV R LR, BURA N SRR E RN 91.2%, BRIREMIC, BREERE
WUAE S Rl LLse A B . TR A ST IR AR BUR A NS S S S R &0k, B iid i i g



5 3x B 00 ) T T, S5 3D ATENRER & . R LT EAT IR A B 1 % 9
JUE RSG5, Wl S(d) R . al WL, B 94 o Bl o i P R T e i 92> o i R )5 2, 7E i 5 400 °C

AR R T IR = T 400 C 2 S I TSR . Ik R BITE il S AL B AR A g (L T P
TR T 400 CZ AN BN, R T 400 CZ )5l 2180 .
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5 BEh. BhEh. AN 3D FTENRTIRIR IO AT, (@)F5ER; (b)EhER; (o) A& ERTRIY 3D FTENRT IR, (d)F RN 3D
FIENHT AR A
Fig. 5 TG-DSC analysis of tungsten salt, cobalt salt, organic compounds and 3D printing precursors, (a)tungsten salt; (b)cobalt salt;
(¢)3D printing precursors without salt; (d)3D printing precursors

WETATA, 3D FTERE & S ATIRIE 2 — N2 A AN E R R, TR0 E IR AR
N WC Fl Co, SRIEHA milRbeas BN WC-Co B i A 4. TEMERF I Es R, ARk
() 5 B ] B 28 AR WC, T LR IR P2 CoO, TEik it N &R Co. 2RI LR W,
FEAESAEILJFEAER T, Co MIEJEIREZRAL, EiffIEYI(CoO. CosO)EM A HHEIE N Co o 4
G A EHRERLR, AR R e A BRBURIR E A5 PR R A M s e TR T 2 7E
PR - CRREA R T, Hhidh 200 CIAFFIGHGLIE N Co, 400 CRAHREMIEIE A Co, HINZIIAR
T B E B, X RS A A
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R, SRR A, S e SR S AR S E A (W07, FT WO,),
BAWORIF 4 RS, fEREIRT 500 CHEEBALKIEREH C. H 2 RBAE R CH, Femifi ik #2152, 72
BRACE RE 2 AFAE LU — 28 e i, ILE(1)-(6). B REE W-W,C-WC f#a%, W itk WC
RW,C, 1l WoC ARE, SOBBOREBRIL R WCPYe 43k, &k, ATERARIIERE o e8] 78
BERURL 7 B R A I RTARAR,  HLZ2AE 70 TR AT 0 i, AT SRR AT WL B4 (4 20 B AN 2 234wl LA
R 7o eS0T A R T3S SRR EE T i el 119 11 SN PN Ay VA Atk S s ) b P 0~ AL S
7oy, XGRSO RT IR A S AP R A SR B ARSI R S T S, R R A
REPTAE R R AR, AR E R EIRAN . B, 2075 RSREAR(1000 C). SR A5
T EVE S SR

W+C=WC (1)
W + CHa(g) = WC + 2Ha(g) @)
2W +C = WaC (3)
2W + CHa(g) = W2C + 2Hx(g) )
W:2C +C =2WC )
W:C + CHa(g) = 2WC + 2Hz(g) ©6)

G ARG & T Berh, iRYE W-C AHEIR] R B Fo i 2= 2 2O HE B — 5 o AT BRI T LA
AW IR P AR DR IEG  BRAA FR BR A b ORI B i & B A MU & B E R UE . N T 1€ iR A4S
AN, 755 A NI 53 il 55 1 OB R B b, AR SOk — St 504 SR/ LA LA X B Pt Ji
AR BIEEME . B 6 P AN FAS ER/ AN EE B R AT IR AE S - RS- B AL Z N 1000 Cik R A
(1] XRD T8 ERE . AT WL, 4453/ A WA LIS T 0.85 I, A SRR Z4 AR - 14 SR - fb S B~ 4 26 WC A
B AP T 0.85-1.14 ZIHIN, S48 WC FI W,LC FIiRE. Hirr, WCEEAM, W,C
TE iR TR, BE RN SR RIEBA R WC. M8/ AN BI N 1.42 B, NP4 W
& BT HABAE S, H I T REAL WOs. IXEI & FIG 2 0f, AHRIRIE O A 2 LA
JEBERRACA IR, HRTHE SR BUN AR, A2 DL ATIRAAGE S 78 7, RIRAR A S8 Atk . e SRl 7%
LR BB BOS AR, AR N Hp s, RIS FIRE ST BB LRI S 2 BER M. 2
X FREER. BIEREZ . pHtEZErR A, RSB S r8it, S3asi N W s, AR )

SRAFAE D B ALY,
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Fig. 6 Effect of tungsten salt /AA ratio on final product
24 3D EHBERESE

7 FI7R N 2 SRAFH 3D ] ENIE 53 S5 AR T & <2 S H XRD AT G . Al 7(a) PR, 16 53 45 K f o
B e AE i G AL AR P RN, SRR E R, HRWEDEN, MR, XRD AT EEOLE 7(b)#%&
BRI R B JF BRI RS 2 5, BT AN S BIAE, SBORILATIE . ERE B WC-Co tJ5i
e, WY WC. Co . WL SEA I 1 MG [E AL 3D 4T EpE i & Vs nl 17 . (HRFEE
ReEE R, RIZE N ARIR T B U R R ERR, 550 5 SR BRUEAS 70 43 AT BBk
H CosW0Csas  PRIEAH AN R T 77 A 1A 068 55 5 KA RS R 45 < 305 E AN JE SR FEE R0 6 o R 3 88 ) LA 4R i 4
BE—BR TR . ERINPIAR 20 BE R SR J7 TS SR AP TE— L8 1) J, (HR [ B Mk 3D 4T BB &
TR . BN, ASCHI 3D 4TENRERT & 42, Lt SLS/SLM™ Vil 4 1R i R 584, T e 4k
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3D printed cemented carbide: indirect preparation from
precursors by photocuring printing

WANG Xin-yu', FENG Yan', ZAN Xiu-qi*, SHI Kai-hua®, SHU Jun®, LIAO Jun’, PENG
Chao-qun', WANG Ri-chu', MAGDASSI Shlomo®, WANG Xiao-feng'*

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China;
3.Zigong Cemented Carbide Corp. R&D Centre, Zigong 643011, China;

4. Casali Center of Applied Chemistry, The Hebrew University of Jerusalem, Jerusalem 91904, Israel)
Abstract: In order to obtain 3D printed cemented carbide, this paper proposed a method based on

photocuring 3D printing technology. Tungsten salt and cobalt salt were used as raw materials to print
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precursors by light irradiation polymerization. The precursors were sintered and densified into cemented
carbide after high temperature reduction/carbonization. In this paper, apparatuses such as rheometer, UV
spectrophotometer, synchronous thermal analyzer and X-ray diffractometer were used to study the UV
rheological properties and stability of inks, the phase transformation process of precursors, and the
effect of the ratio of tungsten salt to organic matter on the final product. Finally, 3D printed carbide parts
with honeycomb structure were obtained. The results are as follows: in optimized ink, the ratio of water
to acrylic acid is 2.5, the solubility of ammonium metatungstate is less than 100%, and the amount of
TPO and PEGDA is 2% of the solvent mass. In post-treatment processing, a series of reactions including
decomposition, reduction and carbonization occur. Ammonium metatungstate is subsequently
decomposed to tungsten oxide, reduced to pure tungsten in hydrogen atmosphere, and carbonized to
W,C and WC. As the ratio of tungsten salt to organic matter is lower than 0.85, the product is pure WC.
Finally, the 3D printed honeycomb cemented carbide possesses complete structure and smooth surface,
whose main phases are WC and Co.

Key words: 3D printing; Cemented carbide; Light curing; Tungsten carbide; Water-based ink
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