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PEG600/TA= T,°] Z&7F oF 150°CelN 24z} 132°C, 145°C2 7kA43} aste] P& E}Ob}oj{r/} =3 CA/
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Abstract: In this study, cellulose acetate (CA)/polyethylene glycol (PEG600) were investigated for the limitation of the
plasticizing. Then, polyethylene glycol (PEG200) and triacetin (TA) were respectively introduced to improve the plas-
ticizing effect. As a result, CA/PEG600/PEG200, CA/PEG600/TA confirmed an increase in the plasticizing effect by
decreasing the 7, from about 150 °C to 132 °C, and 145 °C. In particular, CA/PEG600/PEG200 had better miscibility than
CA/PEG600/TA. It was also found that the melt flow of CA/PEG600/PEG200 was increased but CA/PEG600/TA was
decreased. CA/PEG600/PEG200 was increased both tensile strength and elongation compared to CA/PEG600, while CA/
PEG600/TA indicated only an increase in tensile strength. The influences of twin-screw extruder were confirmed that
plasticizing effect relatively decreased to compare the conventional experiment.

Keywords: cellulose acetate, polyethylene glycol, triacetin, plasticizing effect.
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Ha} AAste7t ol Al nf) ARRCE 8§ 7hel
o], -l =gatr] Mol Eall=]7] wjitel] A3 of
H5S 7IRITESC mEka] o]} 72 7Hye] ofE RS 53
7] Yo A2 e WhETh] EAjsh= -OH 1852 UE
23}, ol 238}, o}M s}l wks T slshE A wkgo] 28
3 QM B FFEI LA Fhe] A E B3 ks
A= A8 (degree of substitution, ©]3} DS)Eh= &
o2 ¥dHY, B4 0~39 7 7HAA "ok =2 X3
£9] A5 whgxrle] AREYG S Tz A AR
FAATE Ao EN B2k ARl Ey B4 o
gujol] gajHo] AH e g= 5 YA drpRe
AZZ Q2 ofMHIO|E(CAYE FH4, 23Y, 54, A
T o] et AEEA Fedl2E ZEol Yk
A7 = AL 138 FE-8 A S, magnetic tape§ ANEZ
8ol For Al HAE, A, ¢HEE T AFE=
AGA Akl Ax AREE AL QU CA Ade] B9 &
ol o] o Eqto] R AHEE Biuk ofUE}
A3}AL drape’d o] Hol Eo] Ut o] B = oA
& OF, FEO S, frobd olfFol AREM Sk &7,
Wik A= FHZole U9, ok moje] dde® TR AL
S5 Qo). 223 vlwE B SR ga-8e EYor ¥
] Ul Al Lt oS FAT & 2lo] il FE 9
towZE o|§H T} X|gHE0] E£2(2.76 o)) ErjoMH|E
o] 9ol LCD #d EofollM Hg 58 1E7] 3
BZ AEE LYY JTES7 CA &S 0|83 g vt
AR} casting 7He-2 A SR fallstal, 7HAdo] "oiA|
= wAAE 71 et AER Q2 olAH|o|EY Ty
3 IS A8 &8 e AQkE & AR UM AFTH
uke} 7ol Jx7h 7het pAAS Wit $-§7Hee] e
< 7K WA CAQ] AR 2 4%ES A7 $
3l “F8-d0] sl E HEHo] Hold AiEalge] E4
THo R o)lE FHsIA st A7t KPSt
| 22 ARAY EdEE zeyo|EA 7kk
AE E F oH o]& o83l &§7ke] 7Fesis i
Ak AEE0] FHHoZE AA FUHH O E AlEeld,
A 71 T2 Sxol AREEAL UTEE SE|RE, 2o E
A 7HaAlE 3T EES fishs BEE 9o A}
o] JFale AFel A= A, FH AF 5 AR
o oJEiE-g 7RItk weby 2 AFelM e Fe4E Tt
Av T3 QAo Faligh X8 AAE o] gd At |
FHEL JE BV E ApelMe Aol Fajsita dER =
2| QA2 Z(PEG)H EobAIRI(TA)S™ A1)
T 7haA o] AR S AAIRRS 7RG 2lof 7hAs)
o] FAIE YeRA "k B AFeMEs CA2Q) 7HAaskE 9
8l @ PEG600 7FaxA| o] E3H4 AIRES dotr il o] &
SE37] Slal A o= BAlEe] B PEG200, TAS 7t

e

7t =9Jsle] CAS] 7hasl B35 S7MA171a4)F sl ol
w2} CA/PEG600/PEG200, CA/PEG600/TAS Tl e 7}
st g3, G, 71AE B4l wAle 9 FAIski

Al =1 |

AlefF 2 XY=, 2 Ao &= Eastman A2 AEZE Q2 o}A
H O] E(CA)E AHE-3}92™ Table 19 7]%2 242 Yeh)
Attt Dae-Jung ARe] Zjolddl 22]Z(PEG600, PEG200),
EZJoRENTA)S 7HeA = AE-313IT

MEZA OIMEHO|E 7t48t CAE d2olA JFo=
SR o) Azt F ARESIAATE. CASL 7HAAlE EA ulS
3} %] Brabender*}2] Plasticoder PLE331S %3l E&l=3}3]
ok EdE 27 210 °CollA 50 rpmOE 5%7F mixingst3d
t}. CA ©E2] 7% plasticoderS %53} mixing®] o]#$-0]
o] 71aA| RS A 10 phr o ARSI T3 7kA
AE 73] TAox] &3kt 7 5 W3 o|F YET|E 0183
o] &§ st A3l AHE dE71e Fhel=dE
gfelate] & WU o] HE71(L/D 40, 237 AlF 32 mm)
7} olgE o, L5 200~240 °C, 22T 3|4 250 rpm,
output ratio= 25 kg/hr 27122 1%t} Dies hole 37)], &
ZH strandE 25 °Co] WZhrzollA W7kt rotary cutters
ol g3 X A7 3mm, Z°] 3mme] ¥5F DY HE
dojzl HYL 70 °CollA] 24A17F 21g xS & Aol A}
|=ATH

S HEM 24, PEG600, PEG600/PEG200, PEG600/
TAZ 7143t CAY &4 HEAH 54S dotrr] s
Perkin-ElmerA}2] dynamic mechanical analyzer(N535, ©] 3}
DMA)E 53l E43I3t) A& 7148t CAS 79 =3
22 ARREL] 1HH] 10 mm, Z°] 30 mm, F7 0.4+0.05 mm
2 ALY B35 AlHoE A& 2 S5 10°C/
min, =% W= 30~200°C, I& 1 Hz2 38l #4912 3}

B88SEXF. 7HAsHE CAY 88554 F(melt flow
index, ©|5} MFI)2] H3}5 17] $J3ll Davenport AF2] MFI10
ARt B8 55 AFE ST 38 =4S A

AS T#E3ke] 230°ColA 527+ pre-heatingS
2.16 kg®] sleo= 33] SA3 & A& HAwks Fe

¢
=
rJ

A S 2. 71ASE CAQ RS 58 Yolir] ¢

Table 1. Properties of Cellulose Acetate

Acetyl Specific
content gravity

(%) (g/em’)
114 39.2~402  230~250 189 1.31

T,

Viscosity ( OE) . (g: )

(Poise) (¢ mi)l)

50,000
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& € S £297](thermogravimetric analysis, ©|3} TGA) TA
AR Q2005 AHgSt] el 225 SASIY € F
418 A4 71A| 40 mL/min, $-& £ 10 °C/min, &%
91 30~450 °C7HA 4L sk

AHE AIEEC| M=, 7Haste CAS 71A1A B48E 574
3171 $J8] 2= 210~250°C, ¥& 1625 bar, AR A7k 3%,
HH(holding pressure) 540 bar, W7} Al7F 2032 2718
A AlREE AT AR Alxe A7) GhERlr
gte] PRO MC 80(FAE SOMT)ZE AMg-3lom Al A|H
2 ASTM D638(standard test method for tensile properties
of plastics)el] we} Al 2 431t}

74 24 4. 7HeskE CAY 7IA1A £ TR
FA1E7] (Instron M4465, ©J5} UTM)E- ©]-83]¢] ASTMD638
T3l uje} =319t} Crosshead speed 200 mm/min, load
cell 5 kNS ZA 5T}

0% ol

Zn o =2

EX MEM 2N, CA/PEG6002] 7143} 32 Lolr 7]
8l CA ¥ 10, 15, 20, 25, 30, 35 phr= & 7]e] A4S
o] Azt elar Zhzke] 2ol e 7,5 goti
7] 913l Figure 1°] log(tand) 3+41-& LERN AL, Table 291 Z+
7re) 7.2 YERNITE PEG6002] gHao] okl wkal CA
o] T,= AR Haste AL I F th &5 CADS
2.5)9] T,= °F 190°CE 7HAAl == el e CA/
PEG600°] T;= °F 147~170 °C7HA] VEhk= A& SRIE
rh YW o T CAS S Bxee] 712 7FASIAA
FH T, 5 °F 60~80 °C7HA] $of A HaL 7kaA| o] g
ol Wb 1 wi% thiv] oF 4°Ce] Tt agar e 3l
T} CA/PEG600- A =2 35 phr(2F 26 wi%)2] =2
ol B3l oF 147°CE 40°C A 7,0 At o
oufi= 2SI = k. o= CcAte] Es4 YA
(miscibility threshold)S 71+ Zo2 |4 = o
PEG6002] §HFo] oF 20~30 phr(2F 16~23 wt%)7} H12 ul
CASFe] E3Md Algkoll =gste] L oo ghefela= o
oF T, vt AA dofubA] e Ao R AT Q)
o7 ARk 0 2 PEG bl Al wEl CAfLe] &3}
23 A Asiiar G4 Sick PEG4002] 735 25 phr
S 0]/, PEG10002] 7% 40 phr & o]/de] =S 7
= F M) T YeRFO =M CALLe] 849 SIS B

FE A77F BaEo] UhSY E PEGE Aol &
olflof uwpe} 7Hast Eh= FAshtar A Stk o]
w2t CA9] 7tast 235 77171 S8l 1A} 7HeAl =2
PEG6002 20 phrZ A3 5, 23} 71442 Arizlos 2
Ago] Lo PEG2003 TAS =Y ate] 747t Sk g 7ka

3} a3E ARt

ZEd, A41E A2%, 20173
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Figure 1. Log(tand) of CA/PEG600 blend films with different con-
tents.

Table 2. T, of Plasticized CA with PEG 600

CA/PEG600 (phr) T, (°C)
100/10 172.7
100/15 162.7
100/20 155.8
100/25 155.9
100/30 147.2
100/35 153.2

Figure 29} Figure 3 PEG600S 20 phr2 233 H
PEG200, TAZ 77} 5, 10, 15 phr 712 F7}ste] 7443}
AlZ1 CA2] tand/(tand)., 1S YERIAL ZH2te] T, 5 Table
30 YR ITE PEG200S 231 7HAaA| 2 H 71 ZA-9-ole
Stafo] F713kol wet 7,0 7Har) 149.1 °ColA 1323 °C7t
2] YehbEt o= 7]1E PEG6009HS 53+ 153.2°CHL} ¢
Z 25 0T 4 9tk CAol PEG6002 23} 7HaAl =
PEG200= 5712 Zfeho=n 714s) aae] S7k8 &
AN o= FUF o= FapgFo] ¥ PEG2000] A&
Zo)7F Fot CA BAF ARE <ol ¥ HFE 4= 9o 7148}
a3te] Z7PF vehe Aoz Azt @5 PEG2002]
7ol = 20 wt%oll Al olw] &3} AAIZke] YERg 7,71 oF
156 °C7HA] #Fagittarl A4 A=l PEG6002 A Al
S-S W 7Hast 23t o YeldS g1 4 Uk B3
TAE 7t Z5edle gFo] =old met 1,0 747t
151°CellA] 145°CE Fashe AS & 4 Utk PEG200}
tHlEle] T.0] e 34 ¥AT 71E PEG600 T AMS-
ot 7kast a3 e 21E 81 5 ]l sHA
Th TA(218.20 g/moly= PEG2003} H]|$=38h BA15kSs 7R 2
Aol E-FStal PEG2005HE & 7HAst @37 e
%=t} o] Figure 3914 B¥ PEG20034} o} 2 Ao g
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Figure 2. Tand/(tand),,, of CA/PEG600/PEG200 blend films with
different contents.

1.2
e 100/20/5
> 100/20/10
1.0 A 100/20/15 ."\ .
LJ “
L] ~'~ P
1] K s
§ 0.8 s
"a [ ]
E [ ]
[ ]
€ 06 S
® L]
2= ..
g
S (4
0.4 | y
£ y
0.2 7 /
[Y «C JJJ‘O“......
0.0 — ' . | | |
60 80 100 120 140 160 180

Temperature(°C)

Figure 3. Tand/(tand),,,. of CA/PEG600/TA blend films with dif-
ferent contents.

Table 3. T, of Plasticized CA with PEG600/PEG200 and
PEG600/TA

Sample T, (C)
CA/PEG600/PEG200/TA (phr) e
100/20/5/0 149.1
100/20/10/0 139.4
100/20/15/0 132.3
100/20/0/5 151.0
100/20/0/10 147.3
100/20/0/15 144.9

TA®] FHefo] Z71HEE tand/(tand)med] ZA10] WAl YERY
A& ZRIT Ut TAY] S 15 phr TV 713
o 120 °COIMHE tand/(tand),,2] F410] Holxle ZS
I Utk dwrd o g T TAS] 7hAs) 7 f-oll& 25 phr

iz wo r|r

Table 4. Solubility Parameters of CA and Plasticizers (PEG
and TA)

Material 5 (MPa'?)
CA® 25.98
PEG*## 24.55+£5.15
TA®# 20~22.04

Q0 W%l T7F 120 °C7HA] ZAagitkal LelA ok, gk
25 phr(20 wt%) o]l X & TASH CAE F84 E3doz
T3P Zat veptr| AlRRETaL A doh 25
< 7HE TA 3o S71845 31548E 7= PEG600
4 3P HAR tand/(tand) ., *TA10] WXL B3E ¥
7t ER oA A AT ok A7 TAE
PEG600} 3 23} 7} AaA| 24 7143t 37t e A v
10 phr ©]/dol|A= 23} 7HAA 9] &R T= PEG6003 TA
7} Z¥zF CAS} 714807}t Yol o2 AzFEIT) Table 4
o4 CA, PEG, TA2] &3)= A48, solubility parameter)
= YeRNSlt). kA9 atzle] Eelde a9bAQ kA
sl SR8 2u|E I Tt S Ko w
H|$23k Sl = A7t RENS PEGE B4 Zjolof| u}
2} 83 Al Zfol7t Yeh k=t EAtEe] AXA =W OH
aEe] AEQ AR Sl Alge gAsH ot o
Atoll AREE PEGE] A 2002 60002 oA o=
2ke Balere ARE-SlSth 18|22 PEGY £38l% A=
CAS} 2 zlo|7F UA] @AY Bt & &=le AlSFE 7H A
o7 7HEnt 49| 47 o] PEGE CA9 HISeH &
= AFE 7IA7] o] £ E3dS Ve 7iAs &
7} SR Aoz A7 TAE PEGHU AUjgoz
wo 88 AE 7R ols CASH A og Zsio)
7asHA Eh E=8 PEGS}F TAC] T 7hashA Huh
IR 2 TAY §hgo] wolglel| ulet CAS] 7Hashr} 7zt
dojub= Zlo g AetET)

EESEXT 24, Table 5, 6> CA/PEG6002] MFI®}
CA/PEG600/PEG200, CA/PEG600/TAS] MFIZ ZH2t UERY
Atk Figure 4= 230 °CollX 343k MFIE 37 Yehlict.
CA®} PEG600 = 714sto] 7350l dhaFo] S o
2 MFIVL S718te Ae & 4 dth S PEG200, TAS
A AR Aol = ghero] FUistel et MFIZF S71st
< & 7 9tk PEG200S H7KS © PEG600 TRt} &
O MFIPF S7FekaL TAS] 79 23]8 Hashs 2ls &
AUTE. 7HaA| = AR AR W BAERS 7EA] 4,
o|Z Qlal A} BAAES] EA} Alo] 2 FEste] BRI
o] AYE =8 AR 5 9 vl d3E &
=&o 22X FAsHA WEoETE Figure 59X = ZH2ke] 7t
Ao w2 CA/PEG600/PEG200 713+ 2 CA/PEG600/TA
7hash RS ZhekelAl RAlsteto] YERAQITE SRkl 4

Polymer(Korea), Vol. 41, No. 2, 2017



246 T

Table 5. MFI of Plasticized CA/PEG600

Sample .
CA/PEG600 (phr) MI (g/10 min)
100/10 0.52
100/15 126
100/20 312
100/25 6.54
100/30 11.25
100/35 17.40

Table 6. MFI of Plasticized CA/PEG600/PEG200/TA

CA/PEGéoos/sggl;OO/TA (phr) MI (/10 min)
100/20/5/0 7.08
100/20/10/0 11.94
100/20/15/0 2138
100/20/0/5 6.18
100/20/0/10 10.37
100/20/0/15 15.91

22

—e— CA/PEG600/PEG600
20 1 —e— CA/PEG600/PEG200

/
CA/PEG600/TA /

18 1
16
14 A
12 4

10 4

Melt Flow Index(g/10min)

T T T

100/20/5 100/20/10 100/20/15

Figure 4. MFI of plasticized CA with PEG600, PEG200, and TA.

Ao 2 22 PEG2009] 73-%- PEG6003} E3}/d o] =o}
PEG6002F 34 4] CA A Aol & ©] A57E 4
A FHof FA =38 T 202 A7ME B8k PEGS
FA12 18] F Y CA9Fe] A% o] Fof ksl &g
< = & A} vHAY, TA9] Z-polle EAlEgo] Wiol= 2
38 PEG600 ©=2] ZA-$-Ht} MFIZ} 9 ZHashe A4S
= 7 et ol flolA AFT ukek 2Fo] PEG6003} TA
7} Al Hed 7Hash dojule AET 742 mE RSt
oo B=H EAAE Alolol] IF7F AR Welehe 9T
Sto#M MFIZt ZHashe 2o 2 Ajzbeth

Y I 4. TGA 415 &3l 7HastE CA9 &4 <t

ZEd, A41E A2%, 20173

ANE

e - HBs

#=» Cellulose acetate

Polyethylene glycol 600
== Polyethylene glycol 200
»w» Triacetin

210°C, Mixing

—

PEG600

CEAN S N S B Sl
I~ T~

PEG600

TA

B i ==

E— I ==

Figure 5. Schematic of the plasticized CA with PEG600, PEG200,
and TA.

A4S Table 79 YERASIEE Table 7914 E I&Ee] =5
o7, T2 YERAIEH ol AlH] FAZY 10, 50%2] 7+
25 et 7, *TE A EE PEG600 T=2] FS- E
A gl AUlHez Mg £ AL I 4
PEG6002] 25~35 phr 3ol mhe 4 FgAde] zfole =
Al YehA] = A8 & ¢ Atk o719l PEG2003} TA®]
A7t U eR €4 MAAS AaATlE AE BT
T ULk o= EAFFO| HHFoR e PEGS TAS] €&
a7F A dojul= o w FdE) WA 'TE Avud
G PEG600-S ~327°C, PEG200 3 7)o whal 298~
320°C, TA &= 3710 Wl 303~314 °CZ PEG600>PEG200

Table 7. Thermal Decomposition of Plasticized CA

Sample TGA*
CA/PEG600/PEG200/TA (phr) 0T, (°C) T, (°C)
100/25/0/0 327 347
100/30/0/0 326 347
100/35/0/0 327 348
100/20/5/0 320 342
100/20/10/0 318 344
100/20/15/0 298 343
100/20/0/5 314 340
100/20/0/10 303 338
100/20/0/15 303 341

“Decomposition temperatures measured by TGA for a 10% of weight
loss("°T,) and 50% of weight loss(*’T}).
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STAZO 2 Ahjaoez o 0:114 o]—7g/\-10] e = AL olg
4 St} ol mERIAIE PEGZF 7HAL SlE —?&71( OH)
2 Qs A7) 9le TARTH AtiFos 23 & I3
FgAdS 7= AoE Hlth Td PEGE] EAFFH2000 ©]
shell whE F3 AL BRIl ST wEt T S
717 epdtial gE A doh® T,E A EH PEG600,
PEG200, TA 25 2 zjo|7} YJeh}x] ok= AL 3o1st &=
At} o] 340°C o]l A& PEG600, PEG200, TA =5
EL0H7]. 010114-_9_ o} /~ o]

714X M 2N, Figure 6, 7S 713l CA9] o147 =

o} AAE-S JeRAQITE 71AaA 9] $ho] Z7)ete) wlet 7t
7t QA graet AgEe] Z) UrEMw —g— zva
& % 9tk 53] PEG] ol Z7katel whet Q1g7we)
et AHE] S7PF vehdte d7E Bl H_LWH
QT 21283032 PEGA00 TE o2 7143tE CAETF PEG200
% TAE W QoFUS W Qg7Eel S/t ekt
55
—e— CA/PEG600/PEG600
CA/PEG600/PEG200
50 7 CA/PEG600/TA
5]
S 45 T
=
)
=]
S 404
&
% 35 -
5
)
30 A
25

100/20/10 100/20/15

Figure 6. Tensile strength of plasticized CA with PEG600,
PEG200, and TA.
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Figure 7. Elongation at break of plasticized CA with PEG600,
PEG200, and TA.

100/20/5 100/20/15

PEG600/TA>PEG600/PEG200>PEG600 <=2 FA Jeld
< R 5 Uk 7kaAe] o] ~5 wi%ZHA] STl
gt 7A1A AEe o] F7kskedl ol CA 4 574
(mobility)o] Z7F=o] 917 Whegko 7 CA A& HigES: o] F
o] Z7sthal A ATk 5~40 wt% FrEollA = 7ha
Al ko] Z71ol wel CALY] AE o] ARHFoz A
sl7] wiizel] 71713 Zd=e] 1At vERdhaL A drk®
CA/PEG600/TA= CA/PEG600ET} 137 w= Z7leht Al
AEe] 742 FRIsIIth. CA/PEG600/TAE CA/PEG600L.
o} A o2 7hast g3t Sol CA A&7k AE S
S7A QA7 e F7te) AFEe] AaE UeRA §
t}. CA/PEG600X.tF CA/PEG600/PEG200S @.3]% <147t
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Figure 8. Log(tand/(tand),.,) of CA/PEG600 extruder blend films
with different contents.
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Table 8. Thermal Properties of Twin-screw Extruder CA/
PEG600 with Different Contents

CA/P]SEZE}H;%: (phr) L.CO MI (g/10 min)
100/20 172.7 2.600
100/25 166.5 6.660
100/30 173.1 6.360
10035 168.3 10.526
100/40 167.3 15.604

Table 9. Mechanical Properties of Twin-screw Extruder CA/
PEG600 with Different Contents

Sample Tensile Elongation at

CA/PEG600  strength break Impact
(phr) (MPa) (%) strength
100/20 6753 1138 1.91
100125 5521 11.49 2.13
100/30 48.59 15.71 2.10
100/35 3726 52.08 2.99
100/40 33.65 65.02 14.95
o) 710l wje} AP 2o AREES F7oRe
A H1 5 A ol /1E Al ATAs) v)%
*AGHL A AE D 5tk BP AP Ea
PEG600¢] S7ol w2} S7she A gR1E & Aot

7E:|

rh

CA°l PEG600, PEG600/PEG200, PEG600/TAS 77} &
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7HA] PEG200, TAS 34| ARSES o 714s)e] &3}, MF],
HE3 &=, AT, AFES HrFeITh

A 12} 7EARA| 2 PEG600 EHgoll mhE CA 7hastol of
st GF, 71AA S48 A4Sk ol wet Ao E &
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ARESLS w BT} 7kAs) g9ke] FTHE SRS ¢ AT o]
= 71l 7L 9 1A} TRAAl ] RIS SEskal 24
7Aoo Thaste] a8l ads S7MIE ol
At TAS 23S 7% PEG600ZH] E3M4do] Holx] A
& 02 PEG200E.T} 71438t &3/ 744813 PEG600}
E3}4do] = PEG200°] 7HAa3t a3te] F71E geld 4=
AATE SEARE, A E2F7FL] PEG200, TAS AHE-3)
PEG600 = 7FAstEt G2 g4l s
AATH FES A3 AFZEE olF A&7 5
PEG6002 283+ CA 714312 A E Al ~3579]
2 z}o]9} mixing &%=l WE 7143 g3} hasle

offt o
o

ot
A g 1 e
tlo L Aty 2

.

ZEd, A41E A2%, 20173

ANE

e - AEE

sholst 4 1Sie)
AxF o7 4= PEGO00E T HF oz v Bajek

2
PEG200, TAS A3 24 7kAas) 3] S7HE 891
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2 Qg o]% UE7]E 53 CAY 712dte £ ¢ 979
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