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Research and development of gelcasting

WANG Xiao-feng, WANG Ri-chu, PENG Chao-qun, LI Ting- ting, LUO Yu-lin, WANG Chao, LIU Bing

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The research and development of gelcasting techniques are reviewed. The principles and processes of this
forming technology are discussed. Gel systems are summed up and divided into synthetic and natural gel systems
according to the source of gel systems. Applications are commented. Finally, the problems and development of gelcasting
technology are also pointed out and analyzed.
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Table 1  Gel systems, initiations and plastics in nonaqueous solvent
Monofunctional monomer Difunctional monomer
Solvent Initiator Plasticiser
Abbreviation Functionality Abbreviation Functionality
MAM Acrylamide PEGDMA AZIP Polyethyleneglycol
NVP Vinyl MBAM Acrylamide AZIP Polyethyleneglycol
Alcohol MPEGMA Acrylate DEBAM Acrylamide AIBN Glycerol
AA/MAA Acrylate Alkyl dimacrylate Acrylate Orga:é:nizsuﬁg?gen Some polymers
MAM Acrylamide PEGDMA Acrylate AIBN Polyethyleneglycol
NVP Vinyl MBAM Acrylamide Orga:(i);a;zsuzgzogen Polyethyleneglycol
MPEGMA Acrylate DEBAM Acrylamide Glycerol
Ether AA Acrylate Alkyl dimacrylate Acrylate Some polymers
MAA Acrylate Difunctional acrylate Propylene oxide adduct
HEMA Acrylate Propylene oxide adduct
HPMA Acrylate Propylene oxide adduct
MAM Acrylamide PEGDMA AIBN Polyethyleneglycol
Ketene NVP Vinyl MBAM Acrylamide Orga:(i);&;zsulrizzogen Polyethyleneglycol
Styrene Vinyl Propylene oxide adduct
Hydrocarbon NVP Vinyl PEGDMA Acrylate Orgagijnizsuzgzogen Some polymers
Styrene Vinyl MBAM Acrylamide
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Table 2 Gel systems, initiations, and plasticisers in aqueous solvent

Monofunctional monomer

Difunctional monomer

Initiator Plasticiser
Abbreviation Functionality Abbreviation Functionality
AM Acrylamide MBAM Acrylamide APS/TEMED Glycerol
AA Acrylate
HMAM Acrylamide PEG(XXX)DMA Acrylate APS Polyethyleneglycol
HAM Acrylamide MBAM Acrylamide APS/TEMED Polyethyleneglycol
NVP Vinyl DEBAM Acrylamide H,0, Glycerol
MPEG(XXX)DAM Acrylate AZIP Polysorbate adduct
AA/MAA Acrylate AZAP Propylene oxide adduct
MAM PEG(XXX)DMA Acrylate AZIP
MAM MBAM Acrylamide APS/TEMED
HEMA Acrylate MBAM Acrylamide APS/TEMED
DMMA Acrylamide MBAM Acrylamide AZIP

SPGE —DPTA"(Epoxy resin-curing agent)

Urea-Formaldehyde"

Sodium alginate-calcium iodate-calcium phosphate”

XXX=Relative molecular mass of PEG moiety, ranges from 200 to 4 000; 1) Without demarcation of monomers in these systems
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B 72%~90% R FR 5L A 2 FLIBE , HAT R om e
gt R R 254 1.6~5.8 MPa il 3.6~21.0 GPa.

IR B R R B A 4 22 LB 88 HL A I 1 o A
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B B, WARGTS L TERETLR, HERCRIBESS
MR B, B, L2520
BRI R (K N 3

3.4 TETNREM R 4RIE ARG R F

5 RGOS 0[] 5K 52 06 38 P D 4 Bt JRS T A B R B R
T EARER & T A A =0, W it sh T HoR
N o 2841 2 T J T B B s R B AR T
e e & 7 o, S 7ufs LR N IR A2 R
PRE(PZT), A A B e A AR AR 1403 45 1l 26 T IR B2
(1) s, FEL B 28 7 i, EL BB AR 2 MLl A2 Lt B A P P K
T HoL B 1) L ) LA 2R 2 R AR O U, IR
(10 At TG 32 B T T e A L Lk R R AR O R A
DRI, 3 P IR AR A ) 46 s v P 8 1) O B A B L
B G AR ZR LA R A BRI S 070, AT P b 42
VA 2E 4y . GUO 2557 SER il AM-MBAM it it
R Z 4% T 15 H B B (Pb(Zro 52 Tig 4g) O3, PZT), WFFTHE
JRE AR ZR RN A BRI Ry A R i« SR TR IRz « SR T IR b )
XT PZT HVERE W . IR, Tl peds v LAsE 4
FBEMPIT, W AM-MBAM [ 3 A5 B 11 58 TN 6 B
3 AR T R e R 508 A 7 TR e 4 o) L MR e A i
HA AR RGN Na™ 387, i FASRERE
FREAER R, T U AR L Ak . GUO 5P
T K g Jod v AR R Y B R 5 O I IX e A R B B R
(SLS)Zi &, &R, s R SPREEI PZT &t
ZHOU 2519945 % Ff AM-MBAM R AK 2 il 4% T oS
[ FEL P 75(0.94Big sNay s TiO5-0.06BaTiOs, BNBT6), &
L BNBT6 P& (1) 456355 HBUH B ik 97%, R
A e REAL ST o

[ AR (Solid oxide fuel cells, SOFCs)i&—
PG SRR S A R ARREYR, TLE B A
il 2 [ AR b AR RL E 27k . HRAE
B AF A 1 W SR PR 2R A5 2 8 R R A L ) 4 i
gig, DRIG, AT T e B s R B AR il % SOFCs
BHARSERR AR T . XA U E T A SOFCs
FHBRIERR ¥ Y SZCA AL TR E IR S8 A0 3 1 ARk 11t
PRSI B o AT T R R e P RS
PRSI L2 ZH: rBORIN N pH EURTE AR A4
RN EEE, 25 AR S i, SO S 7 - HUANG

3 KRBERR I % Ni-362-3 & 45!

SEOIDSPIRR 1 pum 2247 1) NiO B AFE LS 250 12
5.1 um (1) YSZ $a oK Ay JsUkk, SR FH BRI BB AR il 46 2
£l NiO-8YSZ #i Jy Mk, &5 5RRM, MRS MR
ZALEBIE A, BRI RAFE 2k, e
nJ FHAE SOFCs BHARHE A1 kL. PRABHAKARAN %5
K ZITES & T U MR, AR ST S R
HUANG %5130, FIAFEIRSE, ARATTRFH (35 A
F MR FE-HE, 1 HUANG 25K ] ()& MAM-MBAM
R .

35 EMFRAEETLF AL

IR B 5] & T B B AR 1 RS BOE
FAR, CIEHTRBIE RS ERERIEE, 1T
K, BERE RIS EOAR I Z Wb TR R v Ak .

JANNEYPf L 43 1 7 B e i A5l R 45 R ds /1
SRR R G ER AR ER DR, Ml h 3%
JEDR] 2 9 FoloR A R4 1 16 0 FE RN A 25 M R AEAE AR KA
[) o A8 A0 B 1 S0 A ik S5 B R K AR F(0.2~0.5 pom) RT3
FEQ~6 glem®) 38/ T 4 JE R A (KR (20~100 pum) Al
HEIE(T~9 g/em’); GJEMARLT R SEAL, AKAE
FEHEO SR A ONAT S 42 s B Fe™' Cu®'s
AP Ca®" %, X267 S g T AR B B T
AN R I

FHIR 6 Jm b A AR TE 25 ) 0 5, A A 149 31 v ]
AT B R HERORY (R 25 5 1 SOM A A T
WM, SECRIRBERKTERS); & B AT
WRER, [RGBt I HATERAR DS 5 i A
FI TR BER AR s FR s . ARSI 1k
14 R AR T SR R A RS HEI T 20 miig
& ER R IIPERE T R~ LE AR . MR AAEl
AT T, SR HTRELRD ) 2% (R IR A N 25 BRSO, DAL,
RFERAR I BE N AT, R TR R o
A B AAE L T3, AT I/ IR AR AR TR N T R A
JANNEYPHA Sy 1 B 1 6 AR R 25 1) S Bt 4 TF R HH
T EL 4 SR A R B R A 2R

2 [ GRS U [5] 5% S 560 = G AR B R R B Sk A T
FARY H13 MK REREF Y T EHAT 7 RSt
5%, 23 Fial 4 Ni-362-3 A4 lc 7. ATk
PR /NT 44 pm ESEEA S8, DK HEBEIR A

Table 3 Batch formulation for aqueous gelcasting alloy Ni-362-3
m(Ni-362-3)/g m(MAM)/g m(NVP)/g m(MBAM)/g m(Water)/g V(APS)/mL V(TEMED)/uLl
355.2 2.74 2.74 0.92 25.6 160 16

Note: 1) Monomer crosslinker ratio is 6:1; 2) Nominal solids loading is 60%(volume fraction); 3) Mass fraction of APS solution is

10%. 4) Initiator and catalyst are poured into slurry before casting
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T & MR B 7T T E R Ni-362-3
s I H RSN PEAUE (R RHRIAS TR 2R 10
FEHLFU; Sl A O 5 1Y H3 AR fA ] LA
F IR BB A AR B = R BE R IEAT LN s B4l Jm, Hokess
A S v PTIA BEAS 5 11 91%(,

STAMPFL 21 MoldSDM(Mold shape deposition
manufacturing) 1% L il i T2 5 % i v 45 al 28 57 A AH
ghdy, AEPRGE Sy 2 % (1 AR Py 20 I e v [ AH AR
B R AR, B & AR R AR I ANEE AN
Mg, BGOSR S e e REAR I, AT
g ARine LM EE. B 4 ). (b)Hi(c)
B4y il MoldSDM #5 Hifilid T/, % T 2%
(1) 5 AT SR FH 1% 1 25 S e B &5 4 ol 4 TR AN 5 4
i,

RHZ 7188 T A &1 B A 217, s 4108,
3161 AEBANS AR SR AT LB AA Sy TR 0 T
(AM), ZZHEFIA NN-E RS 5 Bt i (MBAM),
FURF B IR B (APS), AL NONNN-PY H
L JfE(TEMED) 73 #G1 FI I ¥) DP-1 BB %,
R 2 8T KEO K Ol ARG SRV & 8 10t
FF RIS, X ARSI T AR AR AR 2
BB AR E s . RO A A
R BRI AR TERE, R Tl M2 S 4 il 2 1
AT THEIT, G SRR G SR 7 Hl7E 910 F1 1
180 CHMJE MR e, B3 e Eme it RIN%E

T
- A

1 2 3 4

A S 2 S S

9

D Mold material
D Support material
- Part material

E 4 MoldSDM A5 H il 1 el

6 7 8
= A B I
10 11 12

fFo AR RS T T, SR BRI B A B
A VI A 1) 1 B T LUK 215 2 B AR Gk K
1B4a T AR

LI A5UON 7K AR B o i 5 il B A 1 FH 81
B, ATV R 2R I BLK HEMA/EM,
ZZ B MBAM FT WC-8%(Jii i 73 50 Co(YGR) E A Hi »
FE53 177 Solsperse-6000 (ICI Co. USA)HIAEH] 4%
T AR AR S1% 03k, B a1 F Ok R i
(Methyltoluidine) 13k 454t 7K H ¥ (Benz peroxide) 1) ff
IR N, #1457 YG8 k. TG4 1400 C K
FLAEHELS 2 h, 1S WC-8%Co i it &4, LiAL il it
A& AN e R B S R ) BT o % 1) 7
AL, HHEREAZEA K. B S B A iR A e
T R TR B A4 1) WC-8%Co Tl i A5 4 44z M 121700,

TR IR RS R B AE M AR 4 T3 11038 ) 75 ik o
WUR A 1) RHRIE . A R AR A3 250 4 s
TR B & s B0 S SR AR R . RLREROR, Ak
il 2 R B R TR RN R R, A b B S A S R R K
IR BUERAR I ENR, W KR L ses, EPehe
K ) 1R 465 o AR AT B0 23 BRI 0GR s BBk
T AN R 6 JE R R AR SRR A K 25 5, Re Ny
A BT A B 43 HGR) & AN ], 3l 75 BB Xy
5E IR 46 JE R R 73 AT 3 ORI Re o6 e S, I
KR HE a1 A e B AR 10 2 BRI AL S LR LG
2) Biib& ek AR SEA AL T 7 A RN, 8L

(b)

Fig.4 Processing steps for MoldSDM (a), section of wax mold(b)and stainless steel impeller(c)
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B 5 CRIATBR A BA ] # 1) WC-8%Co B T4 4 4k hr i 157"

Fig.5 Venus portraits prepared by gelcasting of WC-8%Co: (a) Green body; (b) Sintered portrait
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TR AR TERERI S o 3) FAAR 4 2 1 X W M e
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FOHIMER, Rk, 24200 oK S SRR S 4w
BT R VRsERARE, ARJE I ARE s sl o
TR T, PSR H A A B 2 o0 e
SR INAT SR ) 46 e 55 EOR FONS 4 e B 1 AN Uk 1)
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ZFYE RNk (CE) S AL TR AT A, s LI WAL 21 4
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# T RIMDGH . G35 M A, IARIREEZ N
2.5MPa, Il 6 s,

4 FEREESEIRRE

RIS E B RS B I — b 5 1 il 2R S A EL
TG PEAR SRR A I HAR . 83 20 ZAFERINARE,
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1) s SR A
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Rl & hRe AP E N S R . Ak, SEkh
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FEBE A RIS A (A S A I R, e
MR AR N C 20— B2 IF R AU A

3) I AN R
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Fig.6 Green body gelcasted by HPMC system
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