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Chapter 14. Synthesis, Fabrication & Processing
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Forging (EtX)
~ Z49| hammering, squeezing0il 2|3 O|F 04 Z

Forged articles:
{outstanding grain structure

“ mechanical properties
0d)) wrenches, crankshafts, connecting rods

Rolling (& ?9)

~ Two roll AFO|0]| 252 S1HA|7{ HY® A=

(EH EE )

0d]) E&: sheet, strip, foil
9FCHZS: circular shapes, I-beams, railroad rails
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Extrusion (&&)
~ Rame| &&= 0 2 die orificeE SHA|7H A=

of) &t Aol EFHAE 2= rods & tubing,

Seamless tubing

Drawing (21

~ CtO| &7 ZoM QT HZ dH M=E
[ 4, 4ol &7t

o) rod, wire, tubing A&
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Casting ()
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lost foam casting, continuous casting



Materials Science & Engineering Chapter 14. Synthesis, Fabrication & Processing

Sand casting (AF £X)
~ Z2EHE 2 (mold) RHEZ AFR

MYEE F2/ol 22iE packingAl7d & =2 moldE Bt&
Gating system A#H|7} 52 &
< Molten metal2| 52 E0[5tH 5t7] 2/5H
& X ME LHR 2| defectE #| A3 517| oK
0oi)) kS &t cylinder block, 238, 2 1}O| X fitting &

Die casting (CtO| )

~ Liquid metal2 & LI =22 76l 2o{ @11 810 Al
& ==X 7ts, d4HH| XHE

HEZ 0l 22M0| %e zn, Al, Mg S0l AIE
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Investment casting (or Lost-wax casting)

~ Wax or plasticQ 2 M E A=
> M8 E Fof &AM (plaster of paris) slurry ¢

> 7tdotH HEES2 B I M E 2l 382 ¥

o)) HZ=5 MlS, dental crown, inlay,

turbine blade, jet engine impeller blade
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Lost-foam casting

~ PSfoam(Z2Z|IAE|H LX) 2 HdEE M=
> MEE Foll ZeiE packingAl7d 28 E OH&
> 88 =EE FoH AMAR|HM dFEF 2 LA
> dZ5tH 93 E Yo a5 MES 2
(investment casting2| &3)

= Xt
— =

o
oh

& 7ts, A8 =Zo HIsH 2t M, 7|2 HE

0i) engine blocks, cylinder heads, crankshafts, motor frames
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Miscellaneous Techniques (Z|E} 7|&)

Powder Metallurgy (22 0F=2)

Powdered metal » Dense metal
compaction
heat treatment

Q10| & TR0l KB (RUH O AMHHI ZHoH H)
8825 52 Mol M8
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Welding (8

- o4l 24
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& arc welding (or gas welding),
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Weld metal

_E_x.” IXZ-I . Heat affected Fused base
zone metal
aE, B, 2ldo| &3t
LH7F . HEAH Workpiece 1 Workpiece 2
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Fabrication of Ceramics (M2t 2 2| M| =X)

Ceramic fabrication techniques

Glass forming

Particulate forming
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Fabrication & Processing of Glasses & Glass-Ceramics

Glass Properties
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Viscosity (Pa-s)
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1) Melting point (88 &) M2 R&HE 4= 2% (10 Pa.s)
Soda-lime glass@| B 1400 °C Mo sHE

2) Working point (2f47%): & 1| 40| 7ts8t 2 (108 Pa.s)
Soda-lime glass@| Z< 1000 °C Mo siE

3) Softening point (218t H): R 2|2 E4H0| Bi5tE 2 (4x108 Pa.s)
Soda-lime glass2| 3% 700 °C HE 0 sHE

4) Annealing point (£ &™) &t F 33 M|7H 7tSeF 2= (102 Pa.s)
Soda-lime glass&

0) S
5) Strain point (&™) A8 HY 758 =X 25 (3x10'3 Pa.s)
Soda-lime glass2| < 500

U Ol R 2| d&8 2% Y| (working range):
A4t 943t ALO[ofl A O|F 04 &
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Glass Forming (F2| &%)

Soda-lime silica 2|7 eEtxQl M=

(FBY HE flsliMds et MED 7|S0] glo{of &)

 REME MEE It YIS

Pressing (25, +8) ~ HAl 8 FIH2 X3
Blowing (£|2)) ~ REl&7|, ¥, M+ &

: gob(F 2|l Z042]) > parison(8 & H|EEZ) > article(MF)
Drawing (2/2)) ~ sheet, rod, tubing, fiber

Fiber forming (& &%) ~ glass fiber (drawing 7|=2 7H4)
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Gob
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Combustion Controlled
Gases Atmaosphere

Raw
Materials

—_—
no :
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Fabrication of Clay Products

Characteristics of Clay

Hydroplasticity (=7FA A

~ 20| MItE[H 74 EE KIH
Wide range of T,

~ R B EEAA NMZ 7S

A™Y T X 5&6HX|8 layered structure X[
> EE M7I5HH silicate layer AFHO|2 E0{&

(o]l I

Composition of Clay Products
Clay (ME) 50%
Quartz (=) 25% ~T, =2, 4L (EHA ¥
Feldspar (24d) 25% ~T, %22, flux (8A|) H&
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Fabrication Techniques
&= - milling = grinding = screening = powder

o

Hydroplastic forming (=7F4 A%)

HE+2 > 88

A E (extrusion)O| LI > of) AFE HE
Slip casting (€& =& or LY ¢
HMEN (ME7 2ol &l FHE)
cslip 52| 20| M1 2 El moldol &=
{SO|Id slip casting ~ mold LI &1
Drain slip casting ~ mold E40i XS &4

of) st A #7], tl=&EF, Mt 72
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Slip poured

into mold Water absorbed

Finished
piece

()

Slip poured

into mold Draining mold Top trimmed o
™y Finished
& \; ,/ piece

(b)

Fig. 14.22 A1 ==& 0|&%t slip casting B 7l: (a) solid, (b) drain.
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(@) (b) (c)

Fig. 14.23 ME ME0AM HE A}t Atole] £ 0| MHE|= BHA:
(a) OIAXE, (b) FEUZX, (c) AT™UZE.
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Glassy (rim) phase  Quartz grain
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OF OF
= Kk
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Powder Pressing (

¥

)

& Electronic & magnetic ceramics EE£ LIS E KMZEA| &8

o

% NE H&7|=2| 5tLEQ! powder metallurgy 2t | AH
ok7tO| = or binder + B E8 > &F

- Uniaxial pressing (Y& 2/ %)
. C}O| LHOIAM Qe oF % A3 (Ehas

A

o
Isostatic pressing (&
 FAE 0|83 &
\Hot pressing (1.2 ¢
7tGet dEHOM €5 (Z20ME 88 = A=0i 0|8)
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Meck

Pore
Grain boundary

Fig. 14.26 2% M=o AZ2 1t Hof
UoiLt= OMI7= B8t
(a) pressing £9| 2,
(b) 2Z0| A E/HM FEE[= R
7+ Zd8t(coalescence) &! pore 44,
(c) 22 2| pore 37| & FHak g3}

s v
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Tape Casting

0.1 ~2mm T2 tape MZA| &E

Slip (HE) 0|8
Ceramic YAL7t binder (&t A) & plasticizer (7tAN)E E& 5=
F7E0lof 24HE FEY

Slipg |48t tape {of &
- Doctor blade2 # &8t FHE £ i
-> drying & rolling

o) I.C. & Ct& capaC|tor9| of2 Mgt 7|EF M=ol &3
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Warm air
source

Slip source \

Doctor blade

\ Take-up reel
Support structure

Reel of carrier film

Fig. 14.28 Doctor bladeE O|& %t tape casting S8 2| Z A L.
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Synthesis & Fabrication of Polymers
(ZEAM=EL| gd & WX)

Polymerization (5 &)

Addition Polymerization (7} &
or chain growth polymerization (A& &% S8
~ EHEFR| B[S 0| A& X{E BHEH0] SHLHAA] o448 E| 0
ME HOZAHE SYHA|7 = S WA

N 7tX| = EHA:
Initiation (ZHAI)
Propagation (&%
Termination (5 =)

> PE, PP, PVC, PS 2! Ct@8t 2Z 3x| 0 & 4d0f AL
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) )
Initiation R+ ¢=¢C —> R—C—C:
H H H H
Ry )
Propagation R_cl;_(l;. + (l;:(I; — R_(I;_(l;_cl;_cl;.
H H H H H HH H
R R
Termination R—C—C—C—C+ + c—C—C—C—R ——>
I I I
H HHH H H H H
T A
A S S AL S A S S SV AN SN S S
H HHH H H H HHHHHHHH
Disproportionation Combination
(2233l (Z#
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=5}

Condensation Polymerization (& &
or step growth polymerization (ZHA|E% S &

~ o|-L|- 0|Al-o| I_‘_l-C>

X S0 #045t0q StsfEFSO| HHAE R
Zlo] TEXE A :

I = Mot & LA
=1t 22 MEXRZFE Q| 4= (byproduct) O] & 7H 284

S =1 M= 2| repeat unitO| CH&

2AHzE ErE 0| o mHaOtCt repeat unitO] A4
UdtMo 2 BRIt S HECH 71 BhE AlZto| 2FE
Trifunctional monomers s =

=
crosslinked & network polymersE &M& + U

—> polyethylene terephthalate (PET), polyamides (Nylon 6 & Nylon 6,6)

polycarbonate, phenol =X| S2| &80 A&
o L8 LT
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Ethylene glycol Terephthalic acid
H H O O
. H
PET: liO—C—C‘i—Ogll HE—C C—0OH —>
: [ e

H H
H H O (ﬁ'

| |
IIO—C—C—O—CC—OII + H,O
|

S ——

| e T ] I
Nylon 6,6: H2N—GCH2%EN—{H * HO-C~+CH;),C—OH —>

—_ e =

hexamethylene diamine adipic acid

H
| I
HN~CHzigN—C~CH;C—OH + [Hz0

nylon-6,6
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Polymer Additives (L £ A} & 7FA)

Fillers (371A)

- DEA MR QYL ASLE, LORA, ZOIY,
x|40H A, o ObiAd B4 or BV} T 9lsH Atete 27

> =g, 227t 22, 2ef, ME, E4M(talc), M= S

Plasticizers (7FAA))

~ Tyor T, & FF0{ 7| 2al Hotste 22
TEA 2ol foid, g 2 Zeld &y
Bt BT (stiffness)= HA

oF2 sheet or film, §H, H|2,

2H L—
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Stabilizers (27 3HA)

~ UV(XtIM), 0,, 0, 50f &

3 X|5H7| </aH —'T'—ﬂékf M7HA

Uv S 22 EX Algo] 20| Q2 71MH 7182 /R
74 7

> K Z 7} brittles| XA &2

Colorants (EHA4A))

~ M=o MEZ F0q45t7| {[eF H7HA|
{Dye (PE)~ 12X "= 0] 5'—7(} T=ZOF 24t
Pigment (2t &) ~ EMEX| ot SEE 402 EX

Flame Retardants (@A)

~ 7tE I EX M=ol A E & X| or HX|st7| feF ™H7HA
O=|%I-_ |oo=|/\|:||.oo |=||.3H3|.
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Forming Techniques for Plastics (Zct

>
m
x
_(LI:
N}
W

SE YHE ™otV ol DedE ArE
1. Thermoplastic or thermosetting ?

2. If thermoplastic, T, and/or T, ?
3. Stability of the material being formed ?
4. Geometry and size of the product ?

Molding (E&, or 22): Z2FAE! pelletE T2, 11204 A
H
T+: Compression molding, blow molding, injection molding
(extrusion, casting)
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Compression Molding (& H&)
7t

o
|.o=| (=X =) A|5’| % }_EI%

1 [1
| Platen
Heat and & | Mold plunger
cooling |
U—L\_ffl_/D:—— Guide pin
— Molding compound
Heatand S0 || — Mold cavity
cooling ;_J L/
Mold — T T T | Platen
base
[ _____Hydraulic
plunger

Fig. 14.29 &= &3 ZX|.
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Injection Molding (A& &)
- QAN ZECLAE! pelletE hopperZ 32 > Barrel LHOIM &

> Ram or screw= 7t¢F 2l 0|& > i’E‘OﬂA‘I =28 LIE AIE
-> 1IsHE K] 7t > 28 22[(01™)

Feed hopper

Mold Nozzle

Mold | ] | /__2Prea
cavity L Hvdrauli
H_KJ\(XWXXX)Q f=— YT
! pressure

Heating chamber Barrel .
Fig. 14.30 AtE & & X|.
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Extrusion (&£)

W7t AM ZBAE! pe IIetE hopperE

> ScrewZ 0|5, &5 4
(S Y3t CHHES 2= 7(1|d-§—% 04;*72'9% Iﬂ_._)
Feed hopper
Plastic pellets
_ _ ( D
Heaters Shaping die ( D
Tubing and pipes
il P
— w

VAV W W W T W W T T T
T S w—

\Sheet and film

Turning screw Barrel Molten plastic  Extrudate > %©

Fig. 14.31 ¥ E7[0| ZA L. Structural parts
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MHH K

m = o

Extrudate
Tubing die

or 3|2J &%)

A2 RO HEE A58 $

CHS gf2 EE SEiC A& M=
Pinch rolls @g— > __

e
ﬂﬂﬂﬂﬂﬂﬂﬂ
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(Probs.)
14.1, 14.3, 14.20, 14.22, 14.25,
14.29,14.35 & 14.39.
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