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The Injection Molding Properties of Cellulose Plastics
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Totsuka Works,

Hitachi, Ltd.

Abstract

The writers, in an attempt to establish the operational condition for the injection

molding of thermoplastic materials which has undergone a marked development

especially of late, tried investigations into the effect of the injection pressure and

the temperature of injection materials on the mechanical and physical properties of

mold products and the fluidity of cellulose plastic materials.

As a result, they ascertained among others the facts that follow :

(1) The activated energy derivative of cellulose plastic material in fluid has a

close relation to the plastic fluidity around the normal temperature.
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Among the conditions of injection molding, the increase of injection pressure

obviously improves the mechanical characteristics of the products, while the

effect of temperature rise of the materials cannot be decided immediately,

because of the coexistence of its relations to other various factors which

emerge with equal conspicuousness.

(3) The properties of the materials in

properties of the product.
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A em?
S [ Tm?

¥
[ PR P B X

T I T i
/ F o P
L ’//, , Tl
L -

A

A
A

%2 X

Fig. 2.

/: -;‘:,_rf

& ) Vol

< o /mww

T VA 49 Kiim?

I:ED -ﬁ,ﬂ ||_ / [f,."r ’ / / ;

= | 4 7 :

S Wt

WX 2

J:'I |

=

w7 |
- - W - @ )

7 &y BF — (M

#3[)(B) i M £ & i @ e & o B K (xo260)
CRERRARER DR, TRERE 148°C)

Fig.3.(B) Relation between Flowing Length and Flowing
Time (Example 2) of Cellulose Acetate Com-
pounds, Heating Temperature 148°C

N, p—

g )
& Y
-“ fﬁ.;#
" = - S u\ @ ,-.»'I =
| = == = 1— — —— = —"'-—"# '(_l_ ,_&' IJ 7 /f A
[ =— — ‘ boh 1 1 I i . i
N | e | SN L - ORI |
R silidyates rﬁb &= Y () InEstE.
L 'liHiHH*Hﬂ:r A DT &
! li'ii‘i‘n.lufffii’-:i:i D eE
o | | PR s e
| |Z!.a:;'t.'1r-i:r4.‘ | f 70T iSRS
| T BEARSE l a \ ! " A
sl rti-mfhﬁiL' gk
L Py, ‘I .t;.t...t.lgq.-::.ﬁ - 1 |'|
i fdsasssseses L '
fisiiterasiel

A v € v i d Al A

I
o

Olsen Flow Tester

17 1,470 kg /cm?, HHHBRRHELES 205°C, A1 2 v
60 sec Th %, il 7 — T O (LI P ETREEE S

AEHIHE P V> 7 AT v 7 — 2 IS T2hr i

(2) BRERDOA*

AS.T.M. D 569-44 T =
L7z, v vl
B (B 2EZM) 12T, et
RE—E CHMBELE2 1T
(i B — 8 CHNE B A 28 % 7
AR T, R ERHH
L 2 FR IR & o B GR A I i
L=, B3I D LS5 L
T B BRI O — B % 7=

(3) RBROFER
(i) fEZE GO
LB & i & DGR
PRI ER A e AU X WA E1 e
h 49kg, 63 kg, 77 kg, 91
kg, 105 kg & &%, DIEmE
125 °C~175°C [il?d 3 JHhZ 4
PO ST & TR D BIGR
wR, BREEIEMHEEM D
B 120 sec BZOWHIE,
B SRR O B T T
sec % )08 120sec O HEH!
Bk, A ERERO A
Y 7 4 AEARL 3mm THD
T, _LidERE L X b =
(c.c.) #EHH LD, B



S S S SO T L B 541

01 F£& OfF bR WK ME B M O o 3 H B 3 # EME= v F Kok E L
Table 1. Fluidity of Cellulose Acetate Table 3. Activated Energy and Flow
Compounds Temperature
s G RE L g i fi TF i R \m —_ JTHH Wb R ¥ | T R -3
No Lo Leg/em#) (BEE) \TaIm.) MEB T~ (kcal) c°C)
. Sy
| 148 05 120 12.5 T —— :
2 138 }og 75 10.?]' BE B2 Mk ME B M B 17.8 155
3 148 91 75 9.0 i e r
4 148 77 75 7.5 VG BT 2 R W FR A 28. 6 135
5 148 63 75 6.0 e
6 %ég 1%9 1';"?] 2/1112. (EF] (EEiEEE & i3rE 105 ke/cm? (T T24/C 25.4cm #E1
8 163 105 75 15. 0 5L EDmiE °C
9 163 91 75 12.3
10 163 T 75 11.0
11 163 63 75 8.5
12 163 19 75 6.5 =
13 177 105 120 42.0 =
14 177 105 75 37.5 2
15 177 91 75 30.5 ™ I+ =778 Kca/
16 177 77 75 26. 0 B
17 177 63 75 20.5 ud
18 177 49 75 14.0 =
Loy Gk
= = WAL
Fihpn A S s Il i == AL e y o PP 3 %rl
¥ 2 & BB R N HME R B E o i 8 1k i 2 - =
r - - | g i‘
I'able 2. Fluidity of Cellulose Acetate S | = /.;‘g @i
& >75 M
Butyrate Compounds S L l //(7&?
i r’r?c?" 254 1 /
| Ya
MFABE | @ HE | MM o E H o gL /ﬂ;’/t’f/m*’/
No *C) . (kg/cm?2) (sec) (mm) i “ K i x/
R I e | 3{-4;%7?;{,-—"’
1 123 105 120 6.7 gy
2 123 01 120 5.2
3 123 77 120 4.3
4 130 105 120 13.0 | l I
5 130 91 120 10.5 120°C /40°C /60 /80°C (/)
6 130 77 120 8.7 20/%x70 % 2AIxI0 20/%10 7 22/%10 k)
7 135 77 | 120 10.3 nEE R T RIOEIEED
8 141 105 120 24.7
9 141 o1 120 16.7 HAM R oK L MM E 2 o B R
11 147 105 120 39.0 i el S 1)
12 147 91 120 30.5 - : ;
13 147 77 120 19 5 Fig. 4. Relation between Heating Temperature
= and Logarithm of Flowing Length of
ki oy o T e llulose Acetate m nds
TR T LRI E CiREA 723 i L, Al Cellulose Ac Compou
SERRA 1 BILOE 2 RICRT
Z OEHE L O3 & HEhii g T3 B B Gilask) U=2886 kcar
e S AP L 7
BE) KD & DENCIIE 4, FES KO Fhri =
e £
HFREARRA L D SD, Al -
g
- !?.f & g n
f. =88 =5 vy esvssssnnsanisisis izt d ) N 2 ;}‘]’ J05 kg om?
H 1. N E By = 26 : I/ rmé
HL A, R: [H¥ s log 25 el
U: WEoFEH =31 F w
C1ORADEFRMEGLL, chk b zhZhopoU % f, / -
R, BHIZ AS.T.M. I LMo CHEILE 2R 120k~
e o = e I N e H ST T3k = [ Ja sl %o iy /2.{? !
C DR ZE 3 RICAT, fal & DBEU IR OB o
Bie s 2 v 12D OYWH= 3 AF LEHESH T B, | | ;
1) hEtE EE A &> F-EEA N YT L e E 182 00°C | 120 VA BIC(T)
(1) EeNmBE A 28 2 1o O & Pl & DR 26/x/0%  28/%/07 24/%107  20/x 107 sk
TAT\V >, Wi R & TR O B2 WE Lic, Zhuk b BolX HEO MK EMBPEE & oK F
SIRCERT IS Ny A y - i ” st o (ﬁﬁﬂﬂﬂ“*ﬁf ?5; \_‘,_H
EET SRR A CIE T5sec 15, BAESEE MM PRt R A
i . : Fig. 5. Relation between Heating Temperature
VTR 120 sec OB EARRY, T EffE L D s ) :
| it | PROTEI AR fi ane Logarithm of Flowing Length of
PARZXIR LT, Cellulose Acetate Butyrate Compounds

U - P



542 A Fn 29 £ 2 A H 3L &F 536 % H25
[77°C
/
-
S U =168 keal
N (1 J—
30 - & 7T
NS
7 o = —
s
o w7
& 2 H
s 83T -
= f x/ = L
i B J
0 o HIC _
?r.:.' /0 = / / s
..|:j
= /)‘ O'/ ﬁﬂr}
[ , |
120°¢ 40T /60 /80°C ()
l l | r | 28/%707 24/x/07 2.3/x/07 20107 %)
29 A7 7% 9/ /05 M2eE RZDBIHRE DY
BB (Ment)— ——
4 8 M BALECA T B iR o Ak & I
BOM 4 E Lo R E oK B & oBIfR CEEERERMER AR
CHE BRBRAER £ ) Fig. 8. Relation between Heating Temper-
Fig. 6. Relation between Flowing Length ature and Logarithm of Flowing
and Load of Cellulose Acetate | Length per Unit Pressure of Cel-
Compounds lulose Acetate Compounds
M7C
U= 28,8 Keal
=)
o (aN = =
' JO o /
S 7 S
“‘3’ o
™~
= S
~ 201 w
S
B S
a3
1 - A E
= B _— =
P 123 t
i
J [ !
/20°C /40°C 160 /80 (T)
| ! ! | 1 257x/97 24/x 107 28/x 107 221x70 7 k)
49 65 77 g/ /05 NEEERIDBIEEDFEH
B = (Akr/cml) . . o _.
“ B ST B i HE O R & M
BT M & & i i & & o B K HEE E OB (FRESEREEHESR PR
(il Bt AR IHE 5% ) Fig. 9. Relation between Heating Temper-
Fig. 7. Relation between Flowing Length ature and Logarithm of Flowing

T OfER R 6, 7 RIS,

and Load of Cellulose Acetate
Butyrate Compounds

AN D LD,

Length per Unit Pressure of Cel-
lulose Acetate Butyrate Compounds

TORER LY (1) LEEH =3 AFAEH LT
FhFh 16.5kcal, 29.8kcal #1537z, ZHULEIERD
fEEiF—H LT %,

HIZE KR, 7KL HhFIECHNT A MBI 5
VRENMRE A R D & OED 0¥ & Ik EE K G BE D jifi
¥roBERYRRTAHLESK, & X < 1EFEEAMR

84 —



ik M & R M K

(I St RGO EESFEICRIFT
SHEENRUSTH IREDE

HIEL AT 5 B R & &2\ ¢, Al
fE U, HIBEYWERTD 20 o v ARG AEE 2 v, &
FCER Fr DSR2 AT\, SHHHE D2 O R B
AR Fr DERBRAY, PFRArE B JUE 4 B A R L,

(1) RBRF O

WIEC Ul o CHEEE U721, SHHIE D% 1,470
kg/cm? 1,175 kg/cm? 881 kg/cm? :7%5%, HHHIAE
BE% 191°C, 202°C, 213°C, 224°C d 4 Byfic L
60sec —EV M 7 (ZEXOD XA Afd—) ITTH 10 £F
SEE T U7z o SO Ab O B O 1B A % f

B/ NI 35 7e b IUNEF & #EE A b3 5588 HWO 535G
MICHERL, Ao L EE—E L, SREE O
r— FOMNEEFTOHHRD BRI A2 THhbBA, o

L7 — P ONEAIC XD THDEEN Z 272 512 T
55,

(2) REBRoDFx

AERO THFET HARBEEEA R, HE5134E
18 {5 F BeT e R I pl 2Rk Hiﬁ@ﬂ:k § ES3EIPD
foo & D7-bGHHIEEHIEE 24 hr DIpICERER R % SLuses 15
AR L, RABEAEEHEICE T, FREhogEyT
AR U7e, BRBRIC 40 CUL BT L Wil M O D (Rt A
BET B X5 DENT -,

(3) R oER

C1) pRHRHE ST 58

fg 10mm, &£ X 5.1mm, £ X 60.5mm, H%E3.085
cc DH SR Rl U= RERFr &2 FEsiesd, FoE &
2WE L1z, ZOfERE2 B2 ENBENC 31,

Cii) PRI I NC T3 5

H12[X, I3 (REZME) CHIEINC JUF 35 14
B OV SRR E D A 1 L, NE4AK,
15 (REZM) iﬂ—ﬁLleJJL PIUETEBA 7 Ui, Rt

PR BR Y TR BB AR KSR S A TR D 3k
HEDN IR H LT,

(ii1) fEEAEIC JE hé?%
v oL e —EEAEREE, AR 30 kg-cm (& THBEN O
AL OB A kDT, = & vc%ft{ﬁ X ERRF %

80°C+1°C @%ﬁ*lﬁfm‘@ ST 96 hr JinEh LiciRED
bDThhH. COREEL TN TNEI6E, EIFILOE
18[Y, {19 (KEZM) 1277,

Cv)  PrEERgReEC S -8

PR P % 24 hr 57K U 7o O Wk S ORI i
TR, MR CTOREL T F g0, #
21X, 2B22[X], BE23[X )20 524K, 225K (E587~88F

D

o B o 3 w T 543

o il #5 AL Kb ¥ F A Ay
x B A A% R M 3 M X

y /470 K0 em?
o A40L //j 1/ 75K em?
S g > —— 88/ AP em?
e i . — AT
Em ! x————""__‘___- (_.__.- TSR e
m e ——iY x -
hf— X . e 0/ KT Tl
of > X
TS 40 %
1 B ;
19/ 202 215 224
FAMM B (C)—
F£10 ¥ pE G EE L A HMEHEE & o BIfR
Fig. 10. Relation between Injection Tem-
perature and Molding Weight
45 O AWM ZM N

x B0 AR 67 A sl M R 4 K

o = zﬂ‘?ég 0‘:_-

40k A =213
| ;EEEEEE;; -zt
& 20T
M e Nl o =/
B e

/
0 JS5+ —
=H
@
= [ | |
a5/ 15 /70

HWihAt D 4 some)——

FIIXK kMO EELHHEEHD & o B %

Fig.11. Relation between Injection Pressure

and Molding Weight

ZI8) R Ui, XEMmE 2.5kg i ¢, 50°C+0.5°C
DE{m kg ¢ 0.5 mm Bl 3% ¥ T ORpEIN BT
TR JiE 4 = 2% 2 SR D 8% SE26 [, 3275
88~8IHAM) IR LT,

V) & & o £ &

C1) ﬁ@ﬁﬁﬁ%&ﬂﬁaﬁamﬁﬁtﬁbt

3 ROFEIY, HHETRMAEE R O TRENREE S 135
°C, ‘%@]@‘h_:mﬁ{ti?ﬁﬂ/%ﬂﬁa 28.6 kcal ‘CE o€, W.
M. Gearhart 72X W. D. Kennedy O JlI5EkEL > #& ~
—H LTk b, EEEEHERAERCILL, RENREC AT
20°C [E\ 73, TEM b= % v £33 11kecal kK&EF Wz &
L TWh,

SHBMESR AR D FENE A 130°C~160°C DFEA/ T

s BB e



544

4 F1 29 4 2 H H 3T

i 5036 % B2 &

| \ G5/ AXEme

® p— \
i ' x " i R
\ < ‘f 7‘;?}’;5';’&";%(

~ ,r’," 711&,#{,2,}.??2
W «
- [} ” 2
C?(_?i "g‘r’r/«ﬁ?‘f

19/

%12 14

207 213 224

g E e R (C)—=

Fig. 12. Relation between Injection Tem-
perature and Tensile Strength
L of RERs W EE RN
x i) MafEfraiE E M N
|
| = 202°C
2 / 217
5 O / ” o
i —o— c 224
s — / 197°C
- et T Y
i h /,—*—’”"" e
nr— _x »®
e L =
1 L L
88/ 1175 /470
gt Iz N (A em?)-
13 HF W E h : L N & o B R
Fig. 13. Relation between Injection Pres-
sure and Tensile Strength
OFED A8 & Bl M F 47 X
600 - ED &% &8 &5 ol w2 & 44 X

in th N (£0Em?) —=

- __yh{ ¥ i
5@0?? T N /470 KO/ cm?
3 /7 aevem?
881 A¥/cm<e
400
.
: X T W)
/470 KE./Cm?
0 \f‘\ /178 KA Cm?
N 4 A Cm?
200+
/o9 =
| | i |
18/ 202 )3 224

14 [
Fig. 14.

HEMBEER (C)
AT ST B M CEEEE & © B IR
Relation between Injection Tem-
perature and Flexural Strength

(K¢ tme)

th h

n

BB - nt) —-

§ #H B (Ag-Chiem?)

O Ef RERS W M & M N
200 - x ED A& fa i xal it & 41 A
8—-""2”‘3'{‘
L S e —o—_ 2027
500 /é/;’#_gz T
4 - 202
— : =
R T
700
200 -1
/00 -
— [ l |
54/ /T 470

B I N (Asacm?)—

FI0K fif h EHEES & Ok

Fig.15. Relation between Injection Pres-
sure and Flexural Strength

YED REAR KR HE MM
x Ef E%Eﬁ%?rﬁkﬁﬁuﬂ
| 1470 #8/tm*
40 = = % = 11758 me
- 881 %%/ ¢m?
1470 23/sm<
40 _
—o— /175 %/ sm?
= 881 ’E.?/,«;grz,?'
JJ
20 F
/0
L | |
19/ 202 213 224

BEMBEIRR (¢)—

1o X fFEME E HE M EIEE & o B fF

Fig.16. Relation between Injection Tem-
perature and Impact Strength

50 o Hl fg Az vt W & M M
« E0 RRABAS Wisd = 41 1
o . ; ; — 213
" = = % = 20PY
/9T
— 2o
40 +
_a—-o———‘o_,,—_,.—-—_—b—— o— —— 2/
- 202
70 I /
20
g
= l =
38/ /178 /2470

B N tAspey——
1T HEMEHGHIESN & o B R

Fig.17. Relation between Injection Pres-
sure and Impact Strength

s B s



Mok o H H O/ M i ok v . T 545

2K

e B

| _ 3 co e
| 4l OFD BEEE MM K AR o E0 B5 A% WM R AT K
o x £ 66 A3 B 4 R 41 0 I « BN BpfEAR AL RAME
&
% .-4{:‘,? i -—’/‘__‘__.X i —/q{ ?'i? 4{;{:?/{/{’:“ 2 }
3 X —— /7§ ACSm?
S — ~88] g 7em? |
77 —.____‘_.——-—'"-'—-: — o . :':;: o o
a == ~— 1470 KE/ 1 = <202
% 1175 kG em? & 4l N Al b
- 881 A00m2 k4 27T
X b3
e o =
", 5 ~2/37T
# T
1 i | IL'EJ‘
9/ 202 213 224 it
gHUEEE 0)—= 5

o0 18 [ HHE A EIEEE & b ol BAH & © B R = - k\'y/ ' | i s /,;, =

Fig.18. Relation between Injection Temper- W E 1 ) ——
ature and Impact Strength of after | . R L J )
Deteriorations 4521 [ 24hr @iEH oWk R E ST HE T & OBk

Fig. 21. Relation between Injection Pressure
and Water Absorption after 24 hr

;
o .
S Immersion
S
. | CE BE MR T MM Sr R R e
| CED BB BAMNEGE = M B | o Fl & B HMiMEE MO
x . X b i wit ¥ 3 A4 - e &
1 v x PR32 B3 B8 Mt M & 1
H| [
< 4,
@ ‘ R — 1L i 47 KT
e s = ., ~ e — - LA 58/ K Sem?
& 34 T x 18/ | /
I_:Q E?‘fdé ':-' ..'.-. —_—__—-___-____'_—'——
v uf D Suls
| e = | -

L i

10+ +::C!.,'.'h

P - éﬁ/ﬂ’ff//’ffﬂ‘?

o dnlin - M ToRCome
== i | — m / .( -')/?f’..'ff".'g/'f'},’-?«?

da/ 1779 /470

~ ____-———“"/
B W E N 4gem2) | P

$ 19 S ES & EBLE OEEME & OB TR e fe =

Fig. 19. Relation between Injection Pres- ' o
sure and Impact Strength after
Deteriorations i 22 [ 24 hr 2 EWFro 5 HSE & 55 A R EBE
& oMk

Fig. 22. Relation between Injection Temper-

ature and Water Solubility after
24 hr Immersion

" . S boa— by RT b0 iEL E4H B5E
=2k DA G T, ARG ERT 5 & B28[K
- : (CEEBIFHAMODIN < e b, WIS i) 5 WPEZTE R L ES
% e

- s s St kb G = LAl oy e 3. P
= | %___________‘___é:: LIIRD AT fetiEZ M O K E T 4 .

:"._T -’L((f (!/;/ Lvie . o - o e S PO B Het=lil- 3 — o . oy
e = DI O E26 B D i AT A Hidod LT B 75,
oL

Vo I s (o 1 0 % e RIS i 5 7 A (1 ) R
5 _LICTEME L= 5 A F QRN BHES % & & X FURYE
= ___J_ S —— _,i..._'_'_' r_rl N L‘:_ &:WCX;'_}Z)D

o/ 297 217 224
BEPRER (09— (2) BEGOFEMEHEICRIEFTHECHNT

%520 [ 24 hr @ FTFF o W & AF R L e (1117 T N 5 5 R D S 0N 31 R BE L
= B A P PN B TR E L O T e S, 7T v

FFig. 20. Relation between Injection Temper- e Rl
¢ ature and Water Ajbsorption after Y AR R O FERTC N A THE D, Y v

24 hr Immersion X RED T &> T RO T O & RIRk D O

— BT



- = = = == 1 . g
546 @ Fn 29 4E 2 H H YA =2 i g5 36 & 2%
|
E0 AR AR wb o = MR |
07 * Ef] j_‘@:‘qﬁz%.a‘cﬂ-l'ﬁ = A1 X4 L_
f » g S
! 2247 ; | E0 ASAS AW M % A4 8
= '
4 -—w—’/)’:d. s
33 @ 82 21zt > 2 —0 o et 24T
z ' S —— s — ] 6‘
% /8 ; | e T~202¢
Ho g -
o X e =
i *
fix 1
Ty & I R = I .
- \x\-’ / G |
X |
292 | 02T
\‘x/x‘/ ¢ | R L
e | e — — i T
WR: T I E l 3 i 1 ~
o8/ /175 /470 o H7E Ve

B R N (semer -

$:23 K 24hr BEERrOGEMELGIHES &
EaRES

Fig. 23. Relation between Injection Pres-
sure and Water Solubility after
24 hr Immersion

N

5 il o o E[ gﬁﬂ:’:-"ﬁj&fﬁjﬁ p 3
« E[ ARMEAR KL KE R AT

‘ 38/ 44 /on
L i = o= /115400
> —3= 5 unwen
G ?r -
=
s Jp
x 470 A em<

e —— S /2 Ao

T 1 —

/8/ 202 217 224

BEM A RIE (C) —

24 SFHUFCERERE & EHERSE E o B R

Fig.24. Relation between Heat Loss and
Injection Temperature

=RbB B2 bIA,, FHCEINCHA TR @R 7
(FHFHOEIUNC L D 30%~502% DOFEFMETAHIAF
N5 X5 THOTINETE TR L4 5 2™
®O), = WEDOBRITEL TSR 5.

— AN AT pElE, EmEGE A SR S
MENCA DO ELY 52 5 Lz b, ThEDi
BDRI/NT X2 CTHDEERRNY, BRI 2T 5,

Bl 2 X TR ES L Lot 2 iR < LR 2 o'

X YR T 57D —FOFFRIE & E—T e b, Ak
b DO E D, DX D 4, 02
IEURAERIC S T 5 B2 UL, SRR
hgBi bz 5 rBbivs, Ll ..;ﬁ.LHﬁ]Hi‘ﬂ:(%‘iLL»

81 3 x 71 Apome)

Fi20 X HEHE S & InEGESE & o B R
Fig. 25. Relation between Heat Loss
and Injection Pressure
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Fig. 26. Relation between Heat Distortion
Time and Injection Temperature
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