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CHUONG 4

PUC THOI (BLOW MOLDING)

1. Gidi thi¢u chung

Duc thoi 1a mot qua trinh gia cong nhya, nhya nhiét déo dugc gia nhiét dén
nhiét d0 dinh hinh (forming temperature), tai diém nong chay, nhua dugc tao
hinh so bd. Sau d6 nhua duoc dua vao khuon da duoc lam lanh. Hai ntra
khuon dong chat lai, khong khi dugc thdi vao trong khdi nhua di duge tao
hinh so bd. Hai nira khuén doéng kin nén nhya s€ duoc tao hinh theo hinh dang
bén trong cua khuén kin. Lam lanh va thao khi ra. San pham duoc 14y ra khi
hai ntra khuon tach ra.

Pau nhitng nim 30, cic san pham nhu cellulose acetate, PS dugc nghién
clru va san xuét do Plax Corp. va Owens-lIllinois, thiét bi duoc tu dong hoa
dua trén nguyén tic thoi thuy tinh. Nhimg nim 40, san pham LDPE (low
density polyethylene) duoc san xut, tinh chat bop nén duoc da 1am cho san
pham vuot troi hon san pham thuy tinh. Nhitng nim 50, nghién ctru thanh
cong loai nhya HDPE. Cho dén ngay nay, st dung duc thoi cac san pham
HDPE la nhiéu nhét (loai nhya chiém san luong 16n nhét trén thé gidi, trén 1
ty pound).

Nhitng nim gan day, duc thoi cha yéu tao cac san pham rdng (hollow

object). Hai hinh duéi 13 cac may thdi phun ctia My va Dtic
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Frame: Pracision ground and machined steel plate,
box frame construction, bolted and dowelled. No
castings or weldments-no tie bars to limit
cavitation and swing radius

Jomaris exclusive vertical plastifier

Simplified operator controls and
_— instrumentation: Centrally located for quick
and easy monitoring

Interchangeable transfer
heads

Centrally manifolded
Simple three-station design hydraulic system

safety features: Jomar meets all OSHA
requirements plus special country safety
regulations

Model 85 Horizontal Injection
Blowmolding Machine

Safety guards have been removed
for photographic purposes

" Pop panels for easy access

Fig. 1. Three-station injection blow-molding machine utilizing a vertical secrew produced
by Jomar, Pleasantville, N..J., TS A

Fig. 2. Three-station injection blow-molding machine utilizing a horizontal reciprocating
screw produced by Bekum, Berlin, Germany.

2. Cac loai nhua

Hau hét cac loai nhua nhiét déo déu duogc tao san phém bﬁng duc thoi.
HDPE str dung trén 57% la duc thoi. Nam 2000, c6 khoang 7021 triéu pound
HDPE san xuét ndi dia. PET (polyethylene terephthalate) khoang 33% dung
trong duc phun, nam 2000 khoang 1720 triéu pound PET & thi truong ndi dia.
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Céc loai nhya khac nhu PP, PS, PVC, ABS, PC, LDPE . . . chiém khoang
10%.
3. Cac qua trinh dic thoi

Pé tao cac san pham rong, cac loai thing chira nguoi ta thuong ap dung céc
phuong phap: duc thoi phun (injection blow molding), dtc théi dun
(extrunsion blow molding) va dic thoi kéo (strtech blow molding).

Puc théi phun chi v6i cac san pham chai nho (<500ml). Qué trinh khong
phat sinh nhuya thira (scrap), c6 thé diu chinh chinh x4c khéi luong va hoan
thién san pham & ¢ chai (neck finish). Tuy nhién khé thao tac véi cac san
pham c6 tay cam, chi phi cao.

Puc thdi dun 1a phuong phap thong dung, c6 thé ap dung vdi cac loai chai
16n hon (>250ml). Thung chia dén 10401, ning 120kg. Chi phi san xuat ré
hon, c6 thé san dic cac san pham co tay cam, tao cd dé dang. Tuy nhién phai
cit bo nhuya thira (réo) va tai sinh ching.

Puc théi kéo dung dé dic cac loai thung 16n tir 21 dén 2371. Cac phan tir

dinh hudng hai truc (biaxal) nén lam tdng do cung, sit chét, nhe.

Table 1. Injection Blow Versus Extrusion Blow

Injection blow

Extrusion blow

Injection molded neck finish

Scrap free
No pinch mark

Fast cycles for high output
Tool cost relatively expensive

No handle ware
Execellent surface finish or texture
No die lines

Ease of automation for decorating and
packing
Small floor space

Blown neck finish or calibrated neck finish

Must trim off tail and moeilles

Pinch mark which can be an area of the
container for failure

Slower cycle

Tool cost relative low with use of aluminum
maolds

Handle ware of many sizes and shapes

Good surface area or texture

Pozsible die lines due to extrusion of
parison

Automation may be cumbersome and use
large floor space

Greater floor space utilized
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4. Puc thdi phun (injection blow molding)

Nhuya néng chay dugc dua vao khoang cua phﬁn nhua dugc dinh hinh so
bd, bao quanh truc 161 (core rod). Duy tri & nhié¢t d§ nay, toan b dugc chuyén
vao khoang cua khuon duc. Thoi khong khi vao dé phinh to phan nhya dinh
hinh so b0, lam lanh san phém.

Phuong phap Piotrowski: truc quay 180°, v4i hai bd truc 16i, mdt bo tao
hinh so by va khoang tao chai. Phuong phap cua Farkas, Moslo, Gussoni c6
hai by truc 161, mot bd tao hinh so bd, hai bo tao chai. Kho khan cua cac
phuong phép nay 14 khi thio san pham, cac khuon dtic khéng hoat dong.

@ Blow-mald station

Blown containar

Cora-pin opaening
i [Blow air passage)
i '\ - Blow mold
?.‘-_ Praform neck ring

Blow-mold
neck ring

Parison
| Preform mold

battarm plug

A
/\

Fléciprocaﬁ ng-screw plasticizer

Stripper plate

Transfer head

Manifold clamp
Cartridge heater | |
MNozzle clamp
/
MNozzle | .
(3) stripper station Mold  Mold key '\. I Die zet
) A " 1 | assembly
Corg-pin ratainer \L ! | ' .
c in hold o Manifold
ore-pin holaar -, i insulation
A .
i + Manifald
Transfar hoad . B hase
4 .
Top of platen Manifald
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Fig. 3. A typical three-station injection blow-molding machine. Courtesy of Rainville
Operation, Hoover Universal, Ine.

Nam 1961, Gussoni (Y), phat trién phuong phap 3 vi tri (3 position). Mot

dau chia nam ngang 120° v6i khuon tao hinh so bd chia nho, khoang tao chai,
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3 bo truc 16i. Vi co cau nay, thio san phém, tao hinh so bo, dtc chai s& dién
ra ddng thoi. Nguyén 1y ndy ap dung cho dén ngay nay (Fig 3.).

Mot dic trung quan trong can chu y 1a thoi gian vong sdy (dry cycle time).
Pay 1a thoi gian dé mo kep, quay ban xoay, dua dén vi tri tiép, dua ban xoay
vao vi tri, déng kep hay khudén. Thong thuong véi may dic 3 vi tri, thot gian
nay la 2,8s — 3,5s.

Hinh dudi 1a cac khoang thoi gian dac trung may duc thoi phun.

- Injection cycla - Blow cyclea —
=————— Praform conditioning "
Injection i

dalay Injection Frggﬂ% Conditioning | Dry cycla. .
Injection phasa * : |
) Maximumn plasticizer |

recovery tima i

Blowing phasa |

| Blow | Blowing 'y . Dry cycle
delay Exhausting

Fig. 5. Time sequence of injection blow molding. Courtesy of Rainville Operation, Hoover
Universal, Inc.

Puc thdi phun can c6 hai khuon: mot dé tao hinh so bo (preform hay
parison), va mdt dé duc chai. Khuén tao hinh so bd co: khoang tao hinh so bg,
dau phun, phan dua c6 chai vao, dua truc 16i. Khuon thoi gom khoang tao

hinh chai, vong c6 chai (neck-ring), chét dy (bottom-plug insert).

Core-rod body —, //// P

_ N -

Shank area \ \ / \/,?/-/?ﬁ
"Blow by" = \
groove \

Air entrance

‘i to parison 2
e

’:f%:{%
R
) .,—--—"/
P

“— Rod tip

Rod stem

Fig. 6. Typical bottom-blow core rod and its principal elements The core-rod tip mech-
anism that closes the air passage during the parison-injection cycle is shown enlarged at
right (17). Courtesy of Plastic Engineering.
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Retaining-screw hole - Core-rod shank
Threadad neck cavity fit area

Parison neck- ] ]
ring half Parison neck-ring

pocket

MNozzle

Temperature-control
channels

Fig. 7. Exploded view of one-half of a parison-mold cavity, with nozzle and neck-ring

details.

Manifeld clamp

Plugged melt
channel

Manifold base

Nozzle-clarmp

retaining screws Insulation

Cartridge heater locations

Fig.8. Injection manifold forinjection molding of parisons. Individual nozzles are clamped

to the manifold block, which houses a hot runner for the melt.
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Threaded neck cavity fit area

Retaining-screw hole \ Core-rod shank
|

Blow neck-ring half
Bottom-plug half

Retaining-screw hole

Meald cavity
Face

- E.Jelief
Bottom =
pocket \\ /

Blow neck-ring
pocket

height ) Tie-rod
haole

— Cooling channels

Fig. 9. Exploded view of one-half of an injection blow mold, with details of bottom plug
and neck ring.

- Guideposts __ Guide

“bushing

Upper
plate

Parison
ar bottle
molds

Lower
plate

Fig. 10. Die set for manufacturing position and alignment of injection blow-mold cavities.
5. Diic thoi dun
Nhua nhiét déo duge dun ra ¢ dang hinh éng (goi 14 parison). Tiép tuc dua
vao khuon hai nira dang 15. Khi khuon dong kin lai, khi thoi vao qua dau kim
s¢ déy nhya né ra. Hinh dang & khuon dugce dic, lam lanh, thoat khi ra, san
pham duoc thaos ra ngoai. Khac véi dtic thoi phun, qua trinh nay tao ra nhua

thtra, can phai cat bo.
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Khi hoat dong lién tuc, cong doan dun va tao hinh so bg 1a lién tuc. Bun
lién tuc s€ tao nén nhua tao hinh so bd déng nhét, thoi gian luu nga"ln nhat.

Céc hinh dudi diy mo ta thiét bi va qua trinh dtc thdi dun lién tuc

N
0L

Fig. 15. Extrusion blow-molding process.

CLOSE MOLD
AND INSERT =-=--
AlR MEEDLE

Fig. 17. Depicts a continuous extruded parison with blow maolds that shuttle right or left,
cut the parison, capture the cut parison in the closed blow mold and move right or left to
blow the container
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Fig. 18. Intermittent extrusion blow molding.
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T

Khi 1am viéc gian doan, parison hinh thanh ngay sau khi san pham dtc thoi
duoc léy ra khoi khuén thoi. Hinh tao so bd duoc cit ra, dua vao khuédn thoi,
dau quay dua khudn thdi qua vi tri khac, mot parison mdi tiép tuc hinh thanh.
Do qua trinh tao parison gian doan (c6 thoi gian dung va khdi dong), phuong
phép nay khong ap dung véi vat liéu nhay nhiét nhw HDPE, ABS.

Co thé su dung truc vit chuyén dong qua lai. Khi parison hinh thanh, truc
vit chuyén dong lui va liy nhya. Khi san pham hinh thanh trong khuén thoi,
tryc vit chuyén dong 1én phia trudc ddy nhua néng chay qua dau dun, tao
parison méi. Cac may bay gid, c6 thé tao dong thoi 12 parison.

Céc hinh dudi ddy mo ta qua trinh dac thoi, dic dun
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Hot plastic -«— Head pinch-off Blow head
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Fig. 21.
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Extrusion-molded neck blow-molding process. (a) Body section open, neck section
closed, neck section retracted; (b) neck section extended to mate with parison nozzle (plastic
fills neck section); (¢) neck section retracted with parison tube attached; (d) body section
closed, making pinch-off (parison blown to body sidewalls); (e) body molds open, neck molds
open, bottle about to be ejected.
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6. Duc thoi kéo (stretch blow molding)

Phuong phép nay st dung cht yéu véi cac loai nhya PET, PVC, PP va

PAN. Dya vao tinh chat két tinh cua nhua, parison dugc luu & mot nhiét do,

sau do nhanh chong kéo va lam lanh. bé cho két qua tdt, nhya can duge luu
gitt, kéo, dinh hudng chi trén nhiét do hoa thuy tinh Tg.

Poly (ethylene terephthalate)

Crystals form Crystals cannot exist
crystals cannot form here and grow here here because molecules
because molecules are 100 are too energetic

sluggish
Crystallization
rate curve
II______
Existing crystals p——
are stable /
/ \
/ Y
||l l"
f ",
{ ',Il
Glassy state Rubbery state Melt state
Temperature, *C
80-85 175 250 - 255
—] b
Glass-transition Crystalline

Zone Max melting

crystallization

Zone

rate
Fig. 36. Molders’ diagram of crystallization behavior (8). Courtesy of the Society of
Plastics Engineers.
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Molding
//_ of preform

Rapid
v~

— cooling of
preform

Stretch and

blow molding
One—step of bottle
approach /
I" - 4 Rapid
Two-step ' - cooling of
botile

approach

Fig. 37. Basic stretch blow mold process. Courtesy of Jerome S. Schaul.

Phuong phap mang lai cho san pham: do bén cao & nhiét do thap, do trong

suot, d§ bong bé mat, do ctrng, kin khi.

Phuong phap 1 budc: tao parison, kéo va thdi xay ra trong cing mot thiét

bi. Uu diém 1a tiét kiém nang luong vi parison lam lanh nhanh dén nhiét d6

kéo dan.

Phuong phéap 2 budc: tao parison va kéo, thoi hoat dong tach biét nhau.

Parison lam lanh & nhiét dd phong sau d6 gia nhiét dén nhiét do kéo dén

p

P Stretch rod -
"I'— _\\ ."I.l
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blown bottle 1] N
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Fig. 38. A temperature-conditioned preform is inserted into the blow-mold ecavity and is
rapidly stretched. A rod is often used to stretch the preform in the axial direction, and air

pressure to stretch the preform in the radial direction.
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