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The Study of Shrinkage Characteristics of
Ceramic Injection Molded Flat Specimens with a pin hole

Student : Cong-Lian Chen Advisor : Dr. Ren-Haw Chen

Institute of Mechanical Engineering

National Chiao Tung University
Abstract

Geometric precision and strength are two primary requirements for
ceramic injection molded components: In the process of geometrically complex
ceramic injection molding, shrinkagejis.one of the most important factors which
affects dimensional precision and loss of shape; Non-uniform shrinkage will
lead to defects such as fracture. In addition, shrinkage also has a closely
relationship with mechanical strength of ceramics after debinding and sintering
processes. The variation of shrinkage was related to the character of ceramic
powder and the rheological properties of ceramic mixtures.

In this study, we used the geometrically L-type mold with a pin hole to
conduct the ceramic injection molding experiment, investigating the
phenomenon of the zirconic powder mixed with different binder systems under
different injection speed and injection pressure. At the same time, we observed
the defects of shape and shrinkage on the various molding stages, which impacts
on mechanical strength. We measured dimensions of the green body and sintered
specimens in three orthogonal directions by CCD microscope and digital vernier
caliper respectively and then calculated the shrinkage rate. Furthermore, we
observed defects during injection molding, debinding, and sintering processes,

and finally measured the hardness, the density, and the flexural strength of

il



sintered specimens. Through this, we obtained the relationship between
shrinkage and mechanical strength.

Experimental results indicated that there were turbulent flow and shear
effect resulted from the L-type mold with a pin hole during ceramic injection
molding. They not only changed particle orientation of the ceramic mixtures, but
also brought about changes of sintered shrinkage in a pin hole and L-type
position. As the following test, we found flexural strength become smaller.
Besides, the relationship of shrinkage and densification directly affected flexural

strength of ceramic products.
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D-2-2 Ap A HiE

BRI R ERG G OREHT ok AR R R Y BB
(wetting) ~ & #z - (dispersion) ~ ¥ * 4 (adhesion)friiv # 42 (fluidity) - = ¥
REGEAME - F b EREFIESE - LG HE J B0 R IRJOUTE F
A2 0 B215977 5 BE B AEARRTREFT[35] BB EAEEH
7 T AT g [21][35][36] -

(B 2 SR NInS ¥ =X e

(1) R 2 33 14 (less-hygroscopic & less-volatile) ©
()~ F487® > * % :E = fdkfie v (orientation) s 3E o
(3) . *% PR & (low yield point) -
(4)MEIE ik § A BTk -
(B)F Fris VA 4 - THRAE o
(O)FER M & b ftid » W § ARFESE T, T d2
S L L SRR PR Ty S E LI T X
2. Bfae 3 irH
(DEF=4E 5 M & > 2 ERITY G > 247 o
Q)RPE SAEF > 5 BIFRE T OEF o
()i REFIF LR -
3. Mg i
(Dd 5487 iR &4 ke > U 4 e Bhenfe ] o
Q)W g 2 EFAZ F Mo
Q)ymigis RS /] o
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(D)WPg i B BV RME AR R (B *) e
M Ab SR AT A 5 (a)R F M E & F (thermoplastic polymer)—-
FAECRe R F) R P R (7 )R S DB AR
4~ (thermosetting polymer)—4c /3 i pe 8 88 ~ & 7 3 Best®a ¥ 5 (o) K3 R E
F (water soluble polyer)—+4- PVA ~ PEG ~ " A% 2% & ; (d)=> % 4 (Gels)—
b B R AT

°q 4E e E R
2-2-3 8 P B

RS A GV ARS8 R SRS SRk T g
RALE A AN s pgyi,,bf,m,r}%‘r,,,bfp U A G EpRARR
MR R R DA AR F R s N s m S
ol T A

RAWE > AL LHEAT R B > § T DT F G M

(1)iR g8 era) 3¢ o

(2);»%,35145%1;:\ REM > R A 2w i -
Q) xR BRFASP INF AT LM

(4)iR g ee & dic o

S)RJPER -

(O)RFF RE2 ER ~BAE -
(NEZFF 2HPF8RERRENED o
FMEERFTIE G AN o e R £ A [37) -
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2-3 & 1 = A5 (Injection Molding)

BRSNS PWAFF AR T LS HEN LS A BTREP
ﬁﬁwﬁﬂ*%ﬁﬁé‘rﬂ%4 A RILAR R 0 VR PO ) S lie(de -

~HOE R B ) D B AR A E s P - b A5
ﬂ%w

R PR T RGeS chp R B R F A T e o

2.5 8 0 B L SR B R N L o MR i .

3V o FoplignaE S R T AL AR o

4R 2 4 frds (Fend (7 o

57044 2 BB Mo

6.007F AR -4 Bl o

2-4 % 75 (Debinding)
& A5 18 KB 7 A e iy ol HB g “/T‘ 4 AR gL A A
3 #8 F (Thermal debinding)Fe7% | % B (Solvent debinding) = #&
eI éﬂw;m@w{g | % So g R g A T B R R (R E
S A RS R RS R ESR) 6o FAREATE S T2 T
AERRETAADRPAEE S MRRSF LD A Y B
HFHEY ERDES N U LRERFIERIEE A 2 g LR ad
40 4ol 2.2 #7o7 [29] 0 e s AR ¥ enaE £ Z%fl% WA AT P A o @ 3 AR
ﬁﬂ/ﬁlﬂ’:{”}'l CEABAEZTENFEZT AR BEERE N TR E
TEMREGE R R wa AR A RIS AEY RAFL R A B
AT F s o i3 AR BB OB B g
B A FEAERA D F BRI b NN A [38] Flt AT R
K

P AL el S
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2-5 & 2 (Sintering)
A AR AR o AR R
& (bonding) » M F I B ALY > R HBA L RARF c WHELL-
FRIES A L A BN R P L T A T R R EC TV
IAEE R EE S DRSS E R ES VRE SE-E e EREE T
AR B e B AR SRR B S 0 R IR A2
BRR R AT E - BR[16] © B

23

’%@%ﬁﬂ%ﬁwéwqua?%mé

BR® AR sk o
23(a)7 7 5 WEHEAY PSS B R BT UFRAF LT R

fgens S & D TAc ] 2.3(0) 4T SR B [35] 0 MR IE 14 e A K g

VRS IR )R - Bk R

B

Hol s AT G R AR T

§
REEEEWARBCER BT A F
yiiedl g

§ I RIDY R -

W

N fhd#

C) il Fi&%

a) A BlB %

B 2.1 I E b kE2AEH 2R £[29]
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shrinkage ; vapor
. blister / blowhole

crack \ \
discoloration

e

_edge’
rounding

33223” ~ slumping
it tamination

crack
jetting _.— binder
foldline void
shrinkage — hourglassing
cavity

B 2.2 %55 ALY A A 4 ek 1H29]

G N
intermediate stage final stage
(a) (b)
B 2.3 (@R WA F gt (b)sEk 5 H[29]
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FZ R 5 TRM LGNS PR S

3-1 7 % P 2 )

3-1-1F %P

AFEHP DRI EF AP GECTFR L 432 LAY

(518 Pl LA G R R R B R o U B
BT S ehik fn e K I iR R S AR S HIAR 2 R e e
0 e AR R 0 KRR B2 AT B hia A2 Liigl(90°%M

4ﬁamai%%ﬁ%§£f~kﬁﬁﬂ’ﬁﬁﬂétﬁﬁ%Mﬁﬂﬁ

TR R R IR SR =3 PR IR NP eR e R R B
AL 4o

3-1-2 F % A3

AR BRI SRR S A B 2 R R (T o IR R
o PR L AR R R D TR RI AL R T R S A R e
2HBEE AT RGeS S FREIRE S B o A - TR A5
R A7 ﬁFWF#Emﬁﬁﬁﬂ’ﬁzpﬁﬁlkéﬂﬁ T
0 REFH NI S HORE B 1R EAME D TCA S 178 2 gk
RIS AR F R EIERIEE c FHREFY 0 Bou SN XA R
%%Kﬁ%&%ﬂﬁkﬁéﬁr JER AN S ARG E 0 2 RRIER
ROZ R R TR - BB A > woA A - 2 BES E5%0 a B] 3.1 #7T
5 F SRALR B e

cN

s

~

~
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2 W mitFETRAE

3-2-1 F S 44

FHRMM LRI PAZARH - BIP A5 B 20, BB AR
% 606 kT3P R L 035um Fiwma B P L& 3.1 o A gbEH
' @ 3% F i (paraffin wax) ~ A *q ik (stearic acid) ~ = % & % ¢ % (LDPE)
M+ R FH(LMPE) » M4+ £ X[ % (LMPP) ~ ¥ % (PS)~ ¥ 7
Fi © fia(DEP) » # & B #fide ™ i o
LEW B § T8 Hod FRRRAN - BRES > AT A1
%@%’?%wﬁ%mﬁ@%&&ﬁﬁﬁ&m%’?Jm@%,¢ dhE
AR AR SR B S R ARRA o AT L AR Y B
P FH BRMEREFIAPET B AR Y
L 203 DR NSRS VDAL 2 ok VIR IR < R CRARAN IS SR AL 2R
P A% Fn el s W fsfode d RaAREA A Flpt o ¥ g LET BB P
A,\r.,iw'fr%?i L rr;éa,,] dod Regal o H S i ded 33 o
2. Fape t A A ,ﬁ?/ﬁ‘“ﬁ T GEALAER o Bt R P L cDRRERE R AT
68~71°C o tab M P > /% FH e & ¢ > ¥ 5 pbat g (dispersion)
FRERAIREF %mﬁigaﬁﬁ@ﬁﬂﬁﬁz@ﬁﬁaﬁ?
(cohesion) o = A5:EA2? » & 5 "F MBI RME e TEIRE A 2 AF R
ey B | R vl cE=F e S AR 2E R ‘}"'"E: PrA A TUB AR o~ Jler e
2 B e R EARY o BT AR AR A fR e o
FOEMg f8 R A Bk i HiR e R ek 33 o
3SHRRC G AT RRC G MATREF G REC G A
TR o AT T HAEIL L 03 B R AL TR 0 Y AR K
HEFHE2 AFL R A wmp il 4 32
E i ag:_]:,,t!ﬁ;‘;ig;'i’f?‘ﬁf] Foe* nF - PR T e ELR
B5296°C H G Mg ¥ BH U RREIRE S UK FR 2R
wt o HiX i fidodk 33

A
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LRFREE B 32) 2 FHZTHE*Y R REE AL B L 2F R &
Fmipg U@ @{ir, SOV R - B ERER e Pk
(heater) » ¥ 12 p &~ OMRON 2 @ #72 & en ESCK - ESAX 418 B x4 %
Bk KNG R SRPe R L RS R L4
34 -

AR5 L (4o 3.3) 0 AF AT R A L p B L AL fad A
254 > )8 HS-06 > 74 & 200W » £ 4 20 Wi 4 - A st 3 B 7 &
Tec.o i & MR~ MRPNATER o F b I DA P REaE R
FAl®z2 p W REHIE > 7 OIRE 2 SO a0 0 E Se K R kAL
B4 BERETFNEH(F N ANRERET) 0 LS B £ R
Bficdh o A @i gl R4 2 i Hzfmi e L4 340

BHCE Gk A A Y ehst T R \,;fmg' LEARS L et
[38] > @ i ~ fox A R o & = [ {xmf; Ay g TR 4cB] 3.4
oo e o PIAKRE S TR AT Al Y ootz o LR LAl e
Pz o H A2k ulde B 3.5(8) - (b)) o

4350000 5 ek Yh L 8 Bk & L B Nabertherm ® en#i b R T 4 % 8
Yo (C40 8 B 4] %) > 415 N30/85HA » & * I £ #c 5.5KW » B A& L%
850°C(4r 8] 3.6) o 2 % ¢ * 1t, B Nabertherm ® 772 ;N2 3 B T F B
B0 (CA2 B R4 %) A3 NHT16/17 » & * 3 #F# 12KW - 8 B+ 25
1750°C(4- 8] 3.7) o

5008 RMH-B 3.8) 2 FHRE R L R R E a8 k4% K Dynisco

13 o 7 KAYENESS #7%:% - 452 D6052M-115> & * 3 & 115Volts »
BRIEHPEDT AT RREFZ PRI HTREIEMN G -
6.4 %% T (4B 3.9): AF HTRF hE_ kb %n‘ﬂ‘:iiv"'ti—%i’ﬂ;su?sgzm%
< Mettler Toledo < % = % » 4|52 PB303 > # & jpl# [ = 0.02g~310g °
T H#0.00lg H R 0.0lg. ¥ B Eipld FplpanE £ o

T AH R3ArBl 3.10) - AF BT AN H R A S BRI G
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@w’ﬂ%JMJ%’ﬁ@ﬁ$%£M%ﬂ%ﬂﬁM%§é1%%’
R R R S g £ (b4 0 3000 T R £ pER (Blde D 15 4)) 0 Bt iRIA
B bRl B R Z ORI RIS P BRRZ AR Fop &R PH R
Hyo> ¥ 7 pddde s a7 8 B E(H4e: HRC)» HFm3t 5 £ 3.5
STGA #E A47ik ¢ AFhE o ARMF 54T #1ig * i 5 5 TA
Instruments 7@ i¢ > 315 TGA Q500 - H it Frxd PIE 4 et 2 g1t
i o R AR s R R AR SRR 88 AT ERE
ﬁﬁmﬂaﬂﬁiﬁ<wwﬁ%@ﬂLéi#ﬁ%m%ﬁﬁiﬁuao

BRI RBG-R 3 11&B 3.13) 1 &5 Hrgk 5 0.0lmm 8% %2 A2 XY
3 > Z i CCD A KR4 aent > 2 @ % mAR 7~ 5 0.0lmm
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‘“/

B et s R ERMERMA A > A BN E S e TR oA T
o

10.2 BES4 o P3RS (4o B 3. 14&BI315):, A F kit * 2 % Y 4F &
ERHIHRZT O RPIRETIHERRPEEIRERFTI0) £4 T
N sT ROEHEE LR AR ROT R > V@ otk s R E -

N
—
-

_—

R Rl R ST o L0 S
BRI G HTAE LA R 0 2 e BT

SGER Y LTINS ER =Ly § E JENEE Vo s T

ST RBAVENEAMBREDBRE T TR ’%45;571,1 2%.3”&4
PR A ﬁff * Efﬁffﬁiﬁ‘éﬁi@ﬁi“‘ Nl B T B TR A B AR Pk
BT F R RS AR RIS K z%L%%Wﬁ*ﬁa@ﬁw
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5521482 50:50 A Wi FRR  HEe S L& 3.6 IRREARY N R K
T_ikfe A A B 5 140-140-140-160°C 4= 140-175-200-200°C > 4 )in?:"ifii#ff
RR2= > AP hF I REARAR LIS > FRFHY 5 KA1

7*7}{4’%5}:;1 =\ ; -l—ﬂ °

R nE IR B Sl T

BEFRAMIBEAERRY 0 RFEHB LS A A3 B2 A5
SRR N > TERMEH I PR AR ERD, o A E R4 B
v

EHREE R R sk iRl B A NOR B 40°C 0 RLE R i & e A
B 5 170~ 180 ~ 185 2 190%C o 38— ) dRF B3¢ 2 SR et A5 Sl 7 o
B ts Fengd IR ATEE o J e RAade g E R p R4 9
%%éi\-wémmﬂwiaﬁﬂi.gug’au&%ﬁ%ﬁﬁ
RRB R TP Y A SRR SRS o F R 1L
@ﬁﬁﬁ@¢“4%%mnm&%Lﬁ ﬁ&&&M CE R TR L R
ndie B REBEEEFOER RS PR RS -
AR B b RandefE cnfE wad R R EE L 310 ~ 280 ~ 215mm/s 0 @
R AN PR 4 2% FAE L 40 2 30kgf/em®

3-3-3 57y 0E i k7

B2 e AT A AL e g, f@/mﬁx A5k 4 B&_—T | AR SR (T R Py 1E 1
Pl R guirgifit > L4 b TGA #1A 40 ke % » it- Hilm
g B¢ BEAREFFEMB S A Y DR REA R ] A S
FIEEE SRR A PR en A AR e R RS SR

q {8 ek iy B8 g iE 2 ekig s H (S e e R W A w0 30°C/hr~5°C/hr
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hl JF ig & Tl 450°C ¥ 358 2hro 2 18 12 66.7°C/hr v i iE % 3 50°C -
@2 Fric K 88hr > 4o 3.16 -

ik
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T
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\3\:
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ik
ot
e
\_
A
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fL
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o

AN ARG gk AR S
BOEMER AL kY g

HERERTE1750°C - 27 7 R 2 L EpR - B 5 &5 L 19
Bl 3.17(a) » L 24 &

kR RRMCRES R A AR L o B2 Ms w1
267°C/hr ~ 100°C/hr ~ 75°C/hr en2! 8 3¢ & F|iE 1450°C & 458 2hr > 2K 14 14

140°C/hr #%% 8 3% '8 1 50°C » 3 % B %) 24.5hr » BB LG8 B

Fodld HEAcB 3.17(b) ¢ chd SE o

?’*@
5

3-4 R RIE T AV R

3-4-1 I ﬁ”ﬁf&f iR

Bk Ajend i E A E 4 XNY RS 9 2 CCD BT 5 0 L 58
B g 2k B BREG 0 B BEXCY S e an R RBET L
BFRF IR - BALEY R e g BT EH TR R RS

PpELT LA X P eI E TR EL LAY 2 e iT e U 2K
HEERREE L FERE S 00Imm 2 E 2B RS £ FRS L
Gt R B2 SITHEERIZE T AR 0 AR ""%%%%’H
Al iP5 2R 2 R S PRI LG o REcMFR T F
& P R R

PRRTEFEAIAGDRIER S TRZ R A 5 PBRHET A
oA RS RS LIFEE T B 27 v BT T T A R o
ST A v =(AL/L)X100% (3-1)
PP LRSS AL GHERE G E SR 4
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3-4-2 ’](ﬁ”ﬁ‘p’ N L
L AR o ST 2 T8 2 3
ﬁr(3-2)~(3-4);“ “rF o GD A M 4 R R TD 4 %ﬂ % B
Ui ﬂifﬁ”ﬁ“ » ALL 3 et o

(V-AV)/V=[(L-AL)/L]’ (3-2)
AV/V=(AL/L)*-3(AL/L)*+3(AL/L)

=(GD/TD)~(SD-TD) (3-3)
S=AV/V=1-[(L-AL)/LJ (3-4)

2 7 s v s N\ .
2. 7 K%f“ﬂ'iifﬁ““ 2 £l A

4e(3-5)74 T o Wy a BERZ B R(BFA B R)P w1 0 Wi
EELERETRE BARA)T R L4 0 S FEELE N FERRE A
ﬁﬁﬂb}{ﬁ{ﬁkb o

S=(W,-W)/W,=1-(WJ/W,) (3-5)

JARN KR/ B E s A [36]

3-5# L A7

Ao AR er I R 7 L AR A R A B E A 47 (TGA) - TGA > &
#_Thermogravimetric Analysis> * k&7 R P2 ¢ A2 £ F 25 F
BF - A ATE c B EARAST R A A £ ivar] AR
ENRFROMEL L REBRBARL S ERHER DR (AR R
™ 10°C/min = 8 3 450°C = +) £ ﬁ#;;, PRI CFOERfEE L KR
fre 2 P EF o L BHERIOTRELISERAFLEZFLAT A
ekl B 0 H 2 AR R TGA £ $740B] 3.18 2 & e ch TGA & 17 4r B
3.19 -
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3-6 i iF 2 &R

FI* R E DL mp
HIWRLLZ AR FES R TP FLAcd xij{ipzT N Sl
R L g v B(AF HRAY Z /L 0.762mm 2 £ & 25.4mm R R) R R
LTS o R FI R E AR I EST R T > TR RN —RER
fLinid B RS mat o B R AR AR o BRI T
R4 o F gLl drdug B S8 vEORR R AR Sl MR R R
Al AT NATFTREF TR OT IR Z TR o 0 B 3.20 %
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_.\_.
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; :u
EF" Ly
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i
T

3-7 % &~ 47
R B IR ALK A R T RGBSR 2 18 % & (Bulk Density) 0 £ & Pk
ez fg P e E W FESH A R IR RIERFS RS '),ai",éf &
oo R g 0 iR S R RGO ¥) T L PRI RRIB K
ZH P OEE W R B NMpE sy Tk PIEEEE W
B kA L 1.00g/ml o F TEARE T E FIES L MR A
R MR A= (Wix1) + (W,—W3) e

3-8 H & & P
R A R RIZEIFA A N B R L AR E R S
(ﬁﬁmwiéwﬁé@ﬁﬁ’@%$¥%a’%iéiﬁ*%i@ﬁ’
REGHTE L FE P IURAZ LG A 7 @@L A R EH,
H,=P/A(kg/mm?) - 7+ ¥ & 42 ¥+ 18 H,=P/A=2Psin68°/d’=1.8544P/d* > & d %
BRAYER2 T HE A (mm) e
AR B BN A R S B RO Fsk S o MR B B R
FERE RBEFAG ARPRY FHT R REATFEL A (AT
% 300gf) > (6 BRyR BARITIRSAG (40 BT e Sd B RGEGRFE
M AheE R o BRI FRERF(AF G 15sec) f AR L BBRR

S
S
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® 2 % pl ks 0.00lmm B p| T RAS HERZ KR pBER
BEAMZ THER > IRHRISALAFERE AV pHERERE A
BiE(AF%#E L HRC) -

3-9 = LW E

1935 ASTM 2 D790 g chfrdTipl3d > 2 ch= B d iR5k » Md B 8
R T PIRE AR RS 0 B 2 e E RE AL E T A lomm(AR AR T
HL@E B i@ P 3RN4Z2) T3 BLAIHFWMA T E /T 5 6mm ¥ 4piE
32mm(«%ﬁ,§é«%ﬁi}i L B AR RRDIS B A APIEIEME SRS R A D

By, Wit R Bloadcel )RR H A X KX g » £ d §%wesT BRa
FHEELFEATTAOTH . T ETREE SRS FE 0 L 5d TS
NEEE RS e B (H e N/mzqﬂ # 4% 5 MPa) o

3PL

B4 ES=

Pidk kX f meaM) ;s L 54 25 85 §E(m) ;
bR a2 TAM) nd a2t w2 3% A m) -
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GPPS I shear rate vs shear stress

GPPS TEST
Shear Rate vs Shear Stress

10° ~ L
L —220EC
L . 240F C |
—260EC
- i
o
B L
4)]
L
2Rl
i L
] L
A
w b=
10° - - s
10° 10° 10*
shear rate(1/s)
LDPE .7 shear rate vs shear stress
LDPE TEST
Shear Rate vs Shear Stress
10°
: | =140 C
A70EC
| ——200FEC
©
o
2
O 10" F
-'5 —
@
Q
o &
1))
10° i . . S
10° 10° 10'

shear rate(1/s)
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shear stress(Pa)

10° b——

102::::::::: :;::::::

LMPE IV shear rate vs shear stress
LMPE TEST
Shear Rate vs Shear Stress
15E C

| ——120C

10’ 10° 10°

shear rate(1/s)

LMPP I’ Shear Rate vs Shear Stress

shear stress(Pa)

10°

LMPP TEST
Shear Rate vs Shear Stress

——140C
_ 1708 C
——200% C

10°

10° 10° 10°

shear rate(1/s)
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PA-G21 I Shear Rate vs Shear Stress

PA-G21 TEST
10° - Shear Rate vs Shear Stress
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1 J) SRRV - SV N - SO WUE SO (O T RN ;. I - R DO WO WO ' I
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w
10* o
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PMMA 7 Shear Rate vs Shear Stress
PMMA TEST
16 - _ Shear Rate vs Shear Stress
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D 10°
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10° o & & sd 1 e
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PET 7 Shear Rate vs Shear Stress

PET TEST
10° [ronumnmummsnnbon ...aShear Rate vs Shear Stress R, P s .

—270FEC
290 C
—310FEC

10" |—

shear stress(Pa)

10° 10° 10*

shear rate(1/s)

B] 3.20 % Zk.27® 2z Shear Rate vs Shear Stress

GPPS [V shear rate vs shear viscosity

GPPS TEST
Shear Rate vs Shear Viscosity

10° -

——220EC |

I ——240EC
- : : e :\‘-‘\_ , _260,[:50

©
2
= L
=
7]
Q
]
L i
>
_
]
©
=
5 L

10° 10° 10°

shear rate(1/s)
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LDPE . shear rate vs shear viscosity

LDPE TEST
Shear Rate vs Shear Viscosity
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10° ¢ SR
i .| ——140EC
- 170EC
| =——200FEC
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10' ; |
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LMPE .V shearrate.vs shear viscosity
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Shear Rate vs Shear Viscosity
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LMPP [/ Shear Rate vs Shear Viscosity

LMPP TEST
Shear Rate vs Shear Viscosity
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PA-G21 . Shear Rate vs Shear Viscosity
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PMMA I/ Shear Rate vs Shear Viscosity

shear viscosity(Pa-s)

PMMA TEST
o Shear Rate vs Shear Viscosity § . .

—— 250 C
D70 C
——290EC

10° 10° 10°

shear rate(1/s)

PET:V:Shear Rate'vs Shear Viscosity

shear viscosity(Pa-s)

10°
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| 200fEC |
| ——310mC |

107 10° 10°
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®

] 3.21 & Ak% &2 Shear Rate vs Shear Viscosity
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%31 F BHIE KB

Properties

Sintered density (g/cm’)

Average Particle diameter( 1z m)*1

Average Particle diameter( ¢ m)*2

BET specific surface area(m?/g)

Bending strength(MPa)

Fracture toughness(MN/m)
Hardness(GPa)

*1. Sedigraph 5100 *2. Microtrac 3000

B
447 B LDPE LEMPE LMPP PS
< [
é‘_ %_ H ’%ﬁ CHQZCHQ CHQZCHQ CHgZCHg C6H5CH:CH2
F it B R Tn(°C) 104 109~118 | 164~170 131~165
SO =z # i+ & | Eastman _
Wi i BAE g

TAISOX | HI-WAX | Chemical

T B A F R Pq ik ER Ly &
Frl g p (Paraftin) (Stearic Acid) (DEP)
v g 5% CnHapio CH3(CH,);sCOOH C2H 404
peit iR Ty(°C) | 68~70°C 68~71°C # 8L 296°C
fokidga | fokBH B E4Rk | Ln 1 EF
Wi w o s s s
ER LA 7§ A P g A
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234 9EE RS
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R E S A AL L Bdp P kS
P
M58 ) 2 i Hs-06.200W, GW i.nsruNet 100
& R4 20 o, #ilNet-IOO
& F (B &%) &+ 41§ 7c.c./shot (2 Faghat)
T e 1 O B E
T > 5\ 1945 41 ie jefsdrie s
EXR TS & PVL-200KD
B & 12pm Bk R A (KYOWA)
2 i OMP315(Danfoss) d30mmxs100mm 2.5
Pmax : 70kgt/cm2 200kgf/cm’
(ASHUN) 3 x4
RS AR LS T " 4.998V
PA2RD66 No'604 {1075 007 & 2 53 “‘L R R
%4 %R | (NIHON SPINDLE b B R fi DC12V/30mA
MFC.CO,LTD=made HVP-F-30-A3 ol IEEEE T
in Japan) (ASHUN) hAe B R B
Al g g ® 1.3 55
N T e R E (SHINKO SELLBIC LTM200s
! (h %) CO.LTD) & # % (GEFRAN)
AR EG A 2484
T 5 Segr A LIN £+ 0.05%
220V/700W 110V/200W R5KQ2
O68xL100mm 06 & OE8XLEOMm
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235 @i A B BRE

HFIE B FM-700
F A A type gf: 10 25 50 100 200 500 1000
g B A ik i ke
FE R AF i# B 50um/sec
T ORI 5~99sec
B+ B BB p o
Her R+ s S (HV) R+
& HEEx50& x10 & - F
BB & x10 - ¥
35 T
iRl
P B x 3pE | <100 503 4 :850um / X500 13- & :170um
Bl % R A2 57 :0.1um(x500 3 &)
35 +
X-Y L) 100x100mm
FAELSIE 3 o o (X)25%(Y)25mm
Bl % R 1/100mm
AR BRAER 50mm
CPU # 47l ¥ %4 HV.HK HBS.HBW 2% Kc(# iy 1+ 18)

CREEE

SAE(J-417b).ASTM(E-140)%. % 3% & &

JTR KR/ 5 AP > P2 P (Taiwan Nakazawa co., Ltd.)
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9%

% 3.6 MEAP & 23R 200 bl fe

e Z1 e Z1 e 72 e 72 e Z3 e 73 fie™ Z5 e Z6
EE R IR (50-50) (52-48) (50-50) (52-48) (50-50) (50-50) (50-50) (50-50)

Wb e Wi |22 | Wi | LE | BMA |22 | W | £E2 | WA | £2E | MAE (£ | Wi (22 BMAE | £2
) | (@ [ (@ [ (@ O] (@ [ (@) [ (@ O] (® | ()| (8
3 Y&k 50 909 52 985 50 606 52 657 50 909 50 606 50 606 50 758

b LDPE 34.7 34.7 23.1 23.1 - - - -
B LMPE 36.6 36.6 - - 359 23.1 23.1 14.6
Gl LMPP 33.6 33.6 448 448 34.8 224 224 14.2

PS - - - - 37.0 23.9 - -
% o 20.5 20.5 13.7 13.7 20.5 13.7 13.7 17.1
H Pg 30 13.7 48 13.7 30 9.13 48 9.13 50 13.7 30 9.13 50 9.13 30 11.4
DEP - - - - 2.8 - 2.8 6.5
PA-G21 - - - - - 33.2
PMMA - - - - - 33.5

PET - - - - 30.6 -

#ix R A T A T4 LA A SRR A T R A 7 R A T A S U R Ed
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[ R R

LDPE:%; it 8 & 104°C
LMPE:%; i £ & 109~118°C
LMPP:% it ;8 & 164~170°C
PS:%3 1“3 & 131~165°C

7 W% YR R 68~70°C

F % Eak YR R 68~70°C
DEP:/* 8LE & 296°C

PA-G21 @ BEE 1 38 & 125°C > o 1 8 B 245~265°C
PMMA : % it 8 & 240~250°C
PET : % i i§ & 255~256°C
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T e A & 5 3 Z1(52-48) 4.84 0.82 L L
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82




= BL$4 9 RI3E(1R % ASTM D790)

i SN BAFE | AR E
k% i
(L 3) (Kgf) (MPa)
LA & 5 1 R | St 19.34 3.27
2 Z2(50-50) ~ diF 11.72 1.92
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3 e ) i 16.66 5.74
4 72(50-50)+ bt 9.48 3.14
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7 8.57 2.76
(40kgf)
72(50-50)-]- #4iF
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