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1.1 F#HIoHF S me

BE . BEBHEARIIARBAKoRES. FA. M. ot
O3TRAE N, BARS T ACEEREEA ( Fiber Poducer ) .
T IAG AT EA (Thowster ) REY. SR TR, L DL
ReoRrn# s 2ARMS . X246, AELSS. THho BRI E
AN EREIABZE 316y, BFIBREEBL fALATHo 27 - K
BLERER LB MM ILE 33 72 BHzAE, 2B L. £ 41T
BTt R80T I ABBALS A (DSD) zeerRBIN
Eob. HEMATEN T nd. HE EBELEL T3 Iz X3
PI®GofLt s, Ftozbid. 104 . 2l  BEAEAXA
Dl ~-xT . BmmARRL FF B s BN BARA s A
BAZ AL EFLEMY . Lo rfALr TRho BRA AL
te tin BRosRkiLtr Attt mdiHitrondi L.
Pxnz sk h.5, 20l hfko ter. kBB T L.
FERRAR OB KvzsL=5L 79L -+ [ Bl (ethylene-
terephthalale ), 10 F PET = %éz?a] o PEH ARME. DTY
( Draw textured yarn )AAAcL 19 POY ( Fartiall, oriented
yarn) OB LT RRAMKLoBREA N5 1, . oo POY-DTY
cAFoan . BFh - o 3THEE B A HPRIE 92T £
GH L rto o Ao dibe AR ZABCRE > s, RER
Brhe. #REE LRI EBANAETES, sokbie PET

A



t 2500 ~ 4000 mimin o ARTBALAE B3R EoMALH .
fteofiftsngBier . gR2 23,

v 2 3<. PET & =zx53 R HE ( Looo m/min KE ) TEHAT B,
HEe - PAARROBMBIB s h 3 &5 1163, 3. BELEAES
AR g B . BANEZEAL LB R 23 b »2IEHSBL
TR ED EH TH B, ;ﬁ"&z‘n- §,000 mlsom K ER PNEE RM
LEFRINBIKRED . SfLY k237 ) r—2a=rE3_ FOY
C Fully oriented yarn) oM # Lzt. KexsRJ2 5 4
7w 3. FE . o EAATE. B oo sbhktets s pEothsh-
KR TERBAIL . BEGHM 9B S o, TREE. BG4 > T~

1) ~4%)

-4

PETobEf AR 3 AWM. Ziabicki COBEE BB L T,
4,000 m/mim M T FOY B H =BT Z>ta;)_~ l;r;- IR E) F
Lo BBL BHAALRT Gtat BarxBrAioobs. @
RS IEE E)E?J%%llé-_ A B\ro § sddkel T. 3k Ty t#Ah >
k- - nAEs WA BARRe LT BEps AE L B A
AZTN3.,

Mross 3HFEotrr. EMELTR . |ooo~ Joc0 m/min O
R PET Lt 4k L. Bohalifso it - NEERS BT3¢«
t  HARARY o BMBL T A KRB o T RFE T 22 AR
t L. FHIOMAR. WMERmTA)Y 53,

% 2% 73 HEMALR PET #ifio gABE ¢ xbkizs ) g
L. B3N 73X -9 . MIEB ot 4 ~e®iE . 5000 afmin Mo
Mtk o2 BNE, 2R HAEB, FRBaop. AL

T mEAY BB ML LA NC. D Ry BYBAL HMTTRT 3



TeR iy BRARAA. RAA. RATEE. P ERBY 85595
AEERAE > T RHLE.
$2% % B oo sl o BHERTRESA L. AL
BENER, T4 -BErEBL. Nt TS HRAGLLEA . T 28 &
B¥L. BA¥oFH Ko SHALA. Asp-dTsf4AntR
TEPILE, 3k RA. RARBv oM ERES R o 2 £ RHLE
CRhEen. ATHMR. mAR R4 Rak RERAS e
B, e B Mt = TRE L. 1o AER0E%
L. ERrowz %522 %3% fshErRthhe . FR
LE, 2R  ERBHELAAL o 2B T RARL. T BE Fu >
T HEH LA, | |
hsRd <3 HFELABAETORERE-RII LR LA RD.
Bhhvo . ho BREMLENELE, 1oRR. ARBE IS RI1EE
77 booo mfarm WYX oMAEL - HABAY 2 AZEp AR B
F3RprAL T3 e RaLE, oFRrAL. BEE e oA
ﬁtwaﬁﬁ»E.&%ﬁbAZusﬁﬁ%#ﬁﬁmLizu;>a>
= AR R EF RN FELEN L CHENL . DESABRRE TS
B RRR Mgl X R, B, 25 k. 2~4 2 ofik
RAMARE OB - PREBTIRL . 4 BA T oMK RS o
BMBeRw2t. MEo@fher T ERL .
B2 uBRECBY R2%p3 45T cBiARERES Y
O, PET odbik o 3 A, malth o vz Kafic
AN .



1.2 ESSRR T A

g\\‘\:

b.2 . | #t
BB . KV ITSL>FL 9Lk ry T (BA, strand,

(J=ovz, My= 20500 ) tiERL. AR 3BERLBET
looc THEHMLE, PETe ¥ I3 EHIR- YT 2FIL  T-FL
(RDTHhL>-102-3522)%229> -p-p' - 2 andx>L—F | hafuEX

Jspe =0.867 ot 320 ), 34 9 42 57459 AV 0L > (Fipa
A, MFI=9) ,7{0>46 (A 53% K 30000 ) |2 >
20 E%Z . 3%, SFa0-Hrpir. PV IRFL=-F0, T4

DL 7 T AR MR F o 7 R BRI K.

/-2.2 BARLR

RAER G BB 25 mm 9299, —2 85352 FL-$— .
SEEMBR O KT A > 7P L R3. NLLRBEBREBH I YK
B3z, 38~ By 2— = B ESAR v HEBA LK
VMjaoﬂﬁ§®¥&k>fﬂ@%&\ﬁ%@&p%*iF@>ZMﬁ
T3, ARy . BRE-s- i, —REaAR (HRAR
lem, BIRBR 23cm )i L. L9RE 7 - "W R L 713 &
kR LR, ABRBD BRI LE 3.5 m RERL F4 R
Lo Faemiebd ) BRARE3ARN 455 e N 723, WL o kbke
ARAB. AHMREE o REGARE Y . LA 10000 #aim
WY s7h4320n e8>,
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2~4 % oRaE@RCERA BAEAB. A1 1= 5 74,
~H3 . |

Mass flow rate 5.78 g/min-hole
Melting temperature 293 °C

Quenching conditions

Air temperature -2 °C
Air velocity 40 cm/sec
Spinneret 0.5mm®, 4holes
Take-up velocity 1000-9000 m/min
Tablel.1 Spinning conditions for high speed

melt spinning of PET,

BE. poo mfmim THALEBBL s0°C o 3.5 4 = 3L
Taf (70°c 7 ) B BEER T RALELT . 5&(‘%‘?’\5@@@%(&,
% o F z- Drawm & Aﬂnea]eq’ 1A P.A. £ B3T3 ) i’{?iL \% Z )

ﬁﬁyﬁ%—@ ﬁlgvb ttﬁi@‘} EdHi= FRLE.



2% BEHALIZSLEFLI 9L - B0
AMBRA <5 3 BHE

2.1 # =

xﬁn%ﬁg#sﬁ%#o%&hx,1ﬁ%:h.%ﬁ#5®ﬂﬁ
B, M4BT RIBBUAMKOFTF 0B R w223, £, . XK
B RsY BRAVRcBRANRL - s HPIIRy 523. H5FHH <«
BB R AT E VR0 BRI K2 EL S RE Ah . B
DR el . XIPR¥W B AR 3. PET o BES A1 v
RO AEA ooo Ng—looo‘ mimin £ L T . BRGNS R B X
EHKE. B ne - b5 Be kL, kEHotor by, 4 S
PEARE A k2 BB ENERZT,

RREHE I TH3PET oty =842 . ¥4 302
o E )2 - Ak [ {o-co«O—coo—cHZ_CHZ—} ] g%@:s)
SR RE R RT3 BMA SN A . 1o PET RT3 XKkBAME
MY A L. #eofhirs . RHM - REBRHAADALT 3.
EE73. AELSLLE PETHM, XK ISR 3 Ml 2465, WF o
Browz. BB Es AR/ 5 S BN .

(1) INF A -4

(2) MEBEB274 v K

(3) fRdef

(+) BB, REYER, Takoddss

ThE 2RI 5’947)#;)@{%'»077}&5:#\”%&211“50 = 30
\%’ﬁ%—klﬁﬁbz B ML 9BFT Lo TR B PEARLBEL 23



totRE L. RROARERA T LE. 2 Eb S, ¢ v, £o2
Ao R A EM RS AL L5 tot by HBErba
V. RFLEXBMEEAERSHAT S c BRI B, PHAR 1o
tox FEH3,




2.2 XBEHE o & £EA L5 i

2.2, 1 FER G A
RTEAREXARLEELRA . SEMAPE THE . LA
CARAXARH RO PRREY 24T . AHATES. DX 5 E B0 mm

T kV - b0mA T 308F K ULE., FE. T4 230X~ 9 &

’

V. BESAEBKE KO E, NBRERE. AX 35 B 320 mm, 4okT
fomA = . 20 B3MBXRLE. 0B RE. 25 24 kF >k
K—QZR)\\~ ﬁﬁ-%’l_f—'—_o

2.2.2 PEToBERT o3t 8

Ez.1 =27 ;Fomaskpol’sk:'ile) L X3#BINSL -4 £ B3
BBoF-9 2R, (AR L) RoBRE cBim 18 L.
CBRAPETo MAKRHAK L £2F, h 0oR2EBALEHE. 5
P dray B . 2Xz4z354 3,

l
p Tz

% Cos [ coaf | —il“ caaf3 | coof {5
A A "
m -f;— I Coox +f— oo f % Coay +—f— Cosd | —ii

‘(% cosX | coop % / Cong comh %

d g =
! conl COA/B

B R 3 W o R s R



a= 4.52 A a = 101°
b= 5.98 A B = 118°

111°

Tab]e_Z.]

The nit cell parameters,

X Y Z
C 0.1356 -0.5382 0.4308
C; | -0.1808 -1.0764 2.5848
Cs 0.0904 -0.5382 4.2003
Cy | —0.3616 -1.5548 4.8680
Cs 0.5876 1.0764 4.7927
Cs 0.3616 1.5548 5.9020
Cy | -0.5876  -1.0764 5.9773
Cg | —0.0904 0.5382 6.5697
Cq 0.1808 - 1.0764 8.1852
Ci) —0.135%56 - 0.5382 10.3392
O 0.4520 0.0000 2.0463
0; | -0.3616 —-2.4518 2.2079
O3 | 0.3616 2.4518 8.5621
0, | —0.4520 0.0000 8.7237
Hy | —0.7232 ~-1.9136 -0.2154
Hs, 0.3842 ~1.3455 -0.2477
H3 1 —0.9040 ~-2.9900 4.4157
Hy 0.8136 1.9734 4.1465
Hs | —-0.8136 =-1.9734 6.6235
Hg 0.9040 2.9900 6.3543
Hy 0.7232 1.9136 10.9854
Hg | ~0.3842 1.3455 11.0177
C 0.13556 0.5382 -0.4308
the chemical repeating

unit and the atomic coordinates of PET crystal reported from

Tomashpol'skii and Markova.

tr RAcibr (ARL) Gobkrong g Py, 1.

Coa giﬁz.:: <

FHR74 A0SR <y 548 Spp, &

Coa o549 —
N coa &

83,

cos Han

— (2.3)




BERI Frap 1. A IY K & E.
N »
Fage = Z. Froexp (2RI A Xnt 2 0t £ 2)] — — (24)
11: -

117 BEIRAAY f R O £E2.2 offtRo. Xy v XbE,

f = Aexp(-asin®@) + Bexp(-bsin’¢) ——— (25)
A B a b
H 0.3796 0.6204 2.81 12.58
C 2.240 3.76 0.413 9.91
0] 3.093 4.907 0.529 6.22

Table 2.2 Coeffzicients for the atomic scattering factors.

TokR2:. M21y %22 3 2fx23, R2.1 3. 2= A5
NERR R Al b2, BHREFLEEtOTHE, &3
B ZEG B0 BNR:. CREA BB R0 4R, ARBATSH
2, REBAEAr> w23, u~-L 7RG, BERFLErOIHFEAS,
zwﬁw?%@ﬁsmﬁ@omﬁ@ma_zmﬁﬂvlﬁmﬁ;;aa
BB e b T 3. (7063) % (003) . PR BIEsRT
BY. BALE S to Lt o3 Rl . B - RL T3
ot 2o BB T HRBE 4 o (ARL)BoREY TR,
Ao ER 2 s o BRI L. 3o ARRER Y Lo e B
b3,

10 .
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Fig.2.1

cell constant.

14

Wide-angle X- ray diffraction patterns of PET
fibers which are calculated from Tomas

hpol'skii's unit
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2. 2. 3 dh Mo HE

,z]s?i;-z.“\i. w < 71’5\47%%#/( . @ﬁ‘k@ﬁ??@_ (cuvrve resolution )%

1223, FRAFIBROMeL 2. KFIma3 38HBLRA E,m
- 43"
I(‘P) =J]o-2 (thuss) — — — —(2-6)
I = (
(¢) = —— Cauch — — ——={(2.7)
)= + 42* wachy )
1,
L) = [1+4zzczy~»-—;)]m ( Pearson W[ )— — — (2-8)
T
( P~
xX =
ﬁ
o A1
B X AdF
\ To: &~ 2 B A —

Bho - 7O0MLE B2.2 REF,. Pearson HLEII. Gayss %
£ . Cauchy % oot B EEPpIBART. m=1 < Cauch/
T = By, M % Kz LTw~< e 6)%55 B 3L, \‘fb#ko) ’fl}\%ﬁ)ﬁ.

BABHARE 14T 6, %, I, mode RALE.

2.2 4 BREEfs XKBHA R
R 2.3, 2.4 1=. Jooo ~ Jooo mmim THE (R EE 7.
PR . A KRHKE 2T, B2 0 AR OHKR. oo~
hooo »/min <3 AFRitto BB ND~ & 2F AL 3,000,000 ®/uin
HEDTRB. TOND - f’?ﬁ/%b\* B kLT3 TN O,

13



PearsonVil m=2
PearsonVl m=4
PearsonVll =8
Gauss

Fig.2.2 Comparison of the shape of Gaussian, Pearson VII
and Cauchy functions.

. s r ok AL H>BRALEBEAAL L AL T E 0 THa,
5000 mimin =53 r . BEBED RH S RDREL, 6000 mpran KE
. o avhy 2y - FRED. HEM. %ﬁ?ﬂ&ﬂﬁﬁﬁ\’ﬁé&
IR T 3T e b3, FATRIRY €18 fooo mfmim HE 0 X
B BrAryiate, gARRRGEoDNKL. REL BEa
ARt LT, B2kh ol ARHKE. 5000 ahin M r o Bl
w5 hE, ‘.@2-513. ThEMAARFLEED TH 3, Looo,
booo mimin 3. BEB 2R o4EKNBINZ, Tk §000
2,000 #/min 1B 3t FhEKYgEZAT 0 RERELTI, RE
o AEvd. FRAXE A4 FRL B bR 3. 2 71— 7 FAD
3, Nooo a/min &, 20@AEQO NI~ = FREL T3 &5 12

AL, I8 N9 — ->f?7:ﬁ'-)_ﬁﬁ< tEY ﬁ l$~ﬁ?f‘v)%__/§_ay 38 Je IZAEN b

¢
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LBY. BB fFo 23 s, 3R, BT 7000 sfmin 2
Mo - CEENBRAEARRB Y, thALTIBEN L2 y42
RG, T3 TN b3, 6. XFRAERHY FARME L. B
Bo bkt al . 1oRkABe. HEHAME LA 550 4 3w,
ME o &5 . XAKR¥W&ko Taues . PET s Afs o BB &
7 E000 mpmin x T000 m/min Ble D EH R K EYELL T B LAY

#E?'c"i 3 .

2 .3 ¥ 3 2 o B4

2.3 .1 REEF A
BhEfloRHif 20 v5 G . BIZNs 2zl . Ba 042K

AR Y3 Lt ¥R T 88 . Tor- 7Bz

T AR BT B AAMRTR. Bin, Axzh o E, £7 57, 05

TRFA- o MBMBREoPHE L2 T3 ra. BF L 5= RAEL

AR -7 0% 46 ERMALE, FE. BBAOF, 75 7L A- 9

bio b 5o ThOBEE RA v HELE.

AQ‘-—_- z&abs - 29true‘ ***** (2.9)

Rain a6 = ad.ain 204 — — — — ——(2.10)

T A6 mAaATEs R A0 R REZIAI AN B 26,4 =
Ro BH B 206 oF. ad B BB 974 75 7k £ -9 Fobh
o3 hTB3. BftomBrRIATRTLIR o (111) moBY
ﬁbéangip.;hzﬁnzﬁﬁvaaﬁﬂaﬁﬁﬁsﬁiua

AC.



2 ‘9true
sample

incident X-ray

Fig.2.6 Influence of sample displacement from the center
of diffractometer(Ad) on the Bragg angle shift (As).

ToRR . AU A 20618 . 6000 mimin N oo (o0i0), (T10)
(10°) =5 =13, 2 0.03° ( BRAKB . B rocos i) o BE «
BRAAN &, £ 5ooo sfomrn 13 BN PTRBEE S . 1@1& = ZT
L. x0.07° (BBW 200/ A)RRIBE S 3,

2.3. 2 ¥ 7 2R
@E R d i Bm,gg_ - W 3 - I
nr= 2damb —————— Cz.11)

TIT AR Gy K ko BR ()54178 A) BB,

(l

BXzrho it iy, EEROBIRLIELLE a, b,
C (a,b,c,od B, ), *hradTsfBiNsrL L aF,

A3



Y, €F (af, p*, c*, &, 5, /) r bl e EEMo (A2L)E

DFMK N7 R Sree 1&.

S = ARQ + BB+ Ic*

—_———— —— —(2.12)
F = Un 9
B . e
Y 3rd
| * 2 2 2 2
= Aad” + B+
( da&ﬂ) b+ A ——(2. %)

+2h R’ b*CDA /tl- i?,fz[, b*C*CDA o(* + 244 C*afco‘o/}‘*

R oA (AikRil:)
.

o>~z BB 8:.95 @AH drres &
(2-14) X 12 h=F 2B R L. &5p7, A, 2a%b a0 r*
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d

spacing

(010) | (1000  (200) (10%) | (105

5000 m/min 507 A | 3.48A (3.47) A 3.00 A | 2.11 A
6000 m/min 5,01 3.4 (3.44) 3,37 2.10
7000 m/min 4,98 3.0 (3.42) 3,37 2.10
8000 m/min 4,99 3,42 (3,42) 3,38 2.10
9000 m/min 14,99 3,42 (3.42) 3,38 2.10
Drawn & Annealed 5.04 3.46 (3.45) 3.36 2.10

Table 2.4 Observed d-spacings for PET fibers.
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ST R BALRBED, E, &, b, C t RREMAB > H i
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R 7 AR B L. oy X > 7RSI, 7 W3 T e b
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a b c a 8 4 e,
——75000 m/min 459 A 5.55 A 10.77 A | 99.7° 118.8° 110.8° 1.452
6000 m/min 4,54 5.94 10.73 100.4 118.0 111.3 1.479
7000 m/min 4,55 - 5,91 10,72 100.3 118.4 111.2 1.484
8000 m/min 4,56 5.96 10;75 100.5 118.4 111.5 1.481
9000 m/min 4,57 5.95 10.74 99.9 118.6 111.9 1.483
Drawn & Annealed| 4,51 5.90 10.69 100.1 118.0 110.5 1.490

Table 2.5 Unit cell parameters for PET fibers.
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Fig.2.7 Take-up velocity dependence of crystalline density
of PET fibers.
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PRCSRBL NERBRIREE Lo mRErBil1v3pen
BT AB. R2 Tt Bunn™ v Fakivos o1t | s(d RS2 MM
Heovel 0. PRABABUE RT3 E0 7530 45 Kitan o i,
SENToRTELBRN Yot o . REWEAX KB Ry, 8
¥Lzw3., Tomashro]’skﬁm DRBIY. EHPRALRT, Lo o B3
B I3 E TR, BB RA I NS Y XN N AFR
BERL. B33 1o8Reki 13, BRARARE (132 0. 4
EBLAER TR T W3 Bunn o 1455 3/cmd 1nH L. SLEFEES
AT W3ER TN T IAL ) A2, PRB EHENLABKL R E L.
Ak 33, REBER. BH- 2R &4 <y - 22 433 o T =
TTAET I RN T 2h B /.50 3 fem® MBMEET 3 2 Y

é?%ﬁ %3 5,

Author alh) b(A)  c(A) « 8 r e (a/em’)
Bunn 4,56 5,94 10.75 98.5° 118> 112 1,455
: Tomashpol‘skii| 4.52 5,98 10.77 | 101 118 111 1.477
i. Fakirov 4,48 5,85 10.75 | 99.5 118.4 111.2 | 1.515
| Kitano 4,50  5.90 10.76 | 100.3 118.6 110.8 | 1.501 .-~
Heuvel

4750m/min | 4,50  5.90 10.72 1.488
5000m/min | 4,50 5,88 10.72 ‘ 1.495
100.1 117.9 110.7
5500m/min | 4,49 5,88 10.71 1.499
6000m/min | 4,48 5,88 10.71 1,501

Table 2.6 Unit cell parameters for PET crystal reported
by five different authors. '
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CHE Qo MEBRIL A im> wT B, Re i cRELE B Ea AR
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WRArAT2E, t17. BB9 28RE >, 190 BB zp

HAR g den (ARL) BREFo ABRB L. BEHLT 43, (0200 @ &
M. 26=35.7" 4heRbrsnd e RBregl. AR~
Ahp, . FERERICERASEB £ HRLE. (71208
D22 R TH3 (Z20) Bre. ToffhieRdb 3 (Z4AL) Ha K
o Be. (Z20) DRAOBALE /oo c LEBH) (f2ofodH
BE Lt ER2T7R7F, Bunn o L BAMEMEBT S, o R b
L. by Z RHBAPEAE LTt Thy (Zi10) @ =F 3%
£ KBS T 83, BRLT (200) By %o XidE o (ARL)E
ORMEBNEON . £2.8 T83. ok, Rilw (;?éo) &
AAGRANHC . 2R ERBBAL 9B (120) BE L5 deg He

(hk1) 2 0 Tomashpol'skii Bunn
220 46 .32 100 100
130 46.43 100 . 60
210 46 .47 12800 1100

Table 2.7 Comparison of structure factors for (éZO)and
(hk1) planes which appear at about 26=46°. Structure
factors are calculated from Tomashpol'skii's and Bunn's

atomic coordinates. s



(hkl) 28 Tomashpol'skii Bunn
200 537 100 100
230 53.2 3 10
030 54.8 0 10
120 55.5 6 43

Table 2.8 Comparison of structure factors for (200) and
(hk1) planes which appear at about 26=53-55°. Structure
factors are calculated from Tomashpol'skii's and Bunn's
atomic coordinates.
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Fig.2.8 Schematic illustrations of structural model for SAXS
intensity calculation.

(a); Dimensions of crustallite (b); Diagram of fibrils consisting
of bevelled crystallites (c); Diagram of fibrils on the type of
shear deformation.
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mlb/d 2 7 .)
Fig.2.9 Estimation of the crystallite length and imperfections
perpendicular to (100) plane by Hosemann's method. Take-up

velocities (km/min) are indicated on the figure.

Scherrer Hosemann
(010)  (110)  (100) |(100),(200) gy (103),(105) gy
5000 m/min 49.4 A 29.7 A 29.5 Al (29.5)A — 66.8 A 1.12 %
6000 m/min 59.6 49,5  1L6.0 47.8 4.5 % 91.6  0.75
7000 m/min 67.2 53.9 53,3 55.8 4.4 102.9  0.71
8000 f/min 72.1 60.9  63.9 69.0 4.5 115.6  0.61
9000 m/min 81,1 69,3 65.2 72.5 4.8 9.0 0.53
Drawn & Annealed | 64.1 47.8 41,0 2.1 4. 60.1  0.40
Table 2.9 Crystallite sizes and crystalline imperfections

of PET fibers estimated by Scherrer and Hosemann methods.
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Fig.2.10 Estimation of the crystallite length and imperfections
along the c-axis by Hosemann's method. Take-up velocities are
indicated on the figure (km/min)
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AR Ao Rend . SIBABMRER IR ofMthr (. &
FRARBW T3, AL 7 (0/0)AFMYTL AN By 2> R LN KRES
—F. CEBIAoMBRATA NI $000 Mmin $TIRIL . 9500 mhuiy
3. XAYBY T3, o4 XEENEL BB (AR ) TR, EHR
¢ k210 rAT, BH RS Scherrer 0 X B E 5 K0 BT oS,
BAEA Bimim2iL. (jov) Brddnimag REN KEALZ -
RN bh3, Bk W3 X-9 gz tmBI3e. cmihaoal
N N - T N NN Y (R o % @ K AEE~E3t 0T H3 5,
CRrEE T oha 54 - 21= > wzis . $ AEAKE I FHR
TEAB A, AN DFBRIACESLAEA B Ao LAY
(B3xewhp3d, 2. ZPAWREMo B3 #6) 22
2R R 3,

M2-1 09 Ao BE . §000 , $000 sfusrm o +H AEKB P FEbS
B LE. EMNBALSARZHS . “nt5 hh 3551, 52° %un

Take-up Velocity| (010) (100)  (100),(200) (10%), (10%)
5000 m/min (9.7) (8.5) (3.5) 6.2
6000 m/min (11.9) (13.4) 13.9 8.5
7000 m/min (13.5) (15.6) 16.3 9.6
8000 m/min (14,4) (18.7) 20,2 10.8
9000 m/min (163) " (19.1) 21,2 8.4

Drawn & Annealed| (12.7) (11.8) 12.3 5.6

Table 2.10 Number of repeat unit per each layer thickness;
(crystallite size perpendicular to (hk1) plane)/(dpq ).
Numbers in the brackets are obtained by Scherrer's method.
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Fig.2.11 Intensity distribution diagrams for Small-angle
K-ray diffraction patterns. Experimental patterns are obtained
from the photographs. Theoretical patterns are obtained from

the calculations using Tsvankin's model.
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Fig.2.12 Schematic fiber structure models of PET fibers
spun at 5,000m/min and 9,000m/min.
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Fig.2.13 Wide-angle X-ray intensity curves obtained with
) compared with those

diffractometer along equatorial scan (
obtained along meridional scan (----). The intensity differences
indicate the existence of Oriented mesophase. Results of
azimuthal scan curves at 26=21° are also indicated.
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Fig.2.14 Resolution of X-ray diffraction pattern of PET
fiber spun at 5,000m/min. Peak area for unoriented amorphous
and oriented amorphous (mesophase) phases are denoted by
S and S

am meso’

.and mesophase are denoted by Icr and Imeso’ respectively.

respectively. Peak intensity for crystalline
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Lneso / Ltotal

(010) (110) (100)

5000 m/min 0.576 0,490 -0.250

6000 m/min 0.224 0.271 0.111

7000 m/min 0.204 0.250 0.090

8000 m/min 0.198 0.216 0.077

9000 m/min 0,178 0.190 0.101

Drawn & Annealed 0.341 0.265 0.139

Table 2.11 ‘Intmmityretio - imeso/ Itota]) obtained from

three different (hk1) planes for PET fibers.

5000 m/min (710)

eosess (DsServed

Total ( Meso.+ Cry. )

————— Mesophase

T Crystalline phase

INTENSITY

AZIMUTHAL ANGLE ¢ (deg)

Fig.2.15 Resolution of azimuthal scan on (110) plane for
fiber obtained at 5,000m/min.
]
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Fig.2.16 Notation of coordinate axes and angles for
Wilchinsky's equation.
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(hk1) e f g

010 0.516 0.856 0.0
110 -0.576 0.818 0.0
100 1.0 0.0 0.0

Table 2.12 Parameters used for Wilchinsky's equation.
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Fig.2.17 Resolution of X-ray diffraction pattern of PET
fiber spun at 7,000m/min, which is finely cut in order to

get random orientation.

2,5 & £ R®H R

23 (010), (T70), (199) Ho 4B oRALEPK b E
Tt ead, Heany. RAFARBE LS ToMolw 53,
AR E 23 M P BT & - 5000, 4ooo m/mim 9BRBTEL . FR
(Joo) BRI 3B BB RBH LT, Rz 4 A ey As5AR
BRI B INRAEALS BARD S Wildinsky o 3R ER S T ¥
ERESRIAB L focb3, f2 B XD 235 TR Rz ¥

I~ .

\J

a4,



Sy

Half-Width (deg)
(010) (110) (100)
5000 m/min 20.0  (28.4) 14,0 (22.4) 19.5 (21.6)
6000 m/min 14,0 (16.0) 11.3 (13.4) 14,2 (14.4)
7000 m/min 12,9 (14,9) 11.2 (13.2) 13.0 (13.5)
8000 m/min 10.9  (11.8) 9.6 (10.6) 10.8 (11.0)
9000 m/min 12,4 (12.9) 11.0 (11.9) 11.4 (12.0)
Drawn & Annealed 18.5 (21.5) 4.0 (16.0) 18,5 (19.1)

Table 2.13 Effect of oriented mesophase on peak spread of
azimuthal scan. Numbers in the brackets are calculated

without considering the oriented mesophase.

fC
5000 m/min 0.933
6000 m/min 0.963
’ 7000 m/min 0.967
8000 m/min |- 0,977
- 9000 m/min . 0.971
Drawn & Annealed, 0.937

Table 2.714 Orientation factors for PET fibers.
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Fig.2.18 Schematic illustration of a tilting mechanism
along the (230) plane for PET crystal.
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Fig.2.19 Relation between tilt angle and calculated
azimuthal angle for (010), (110), (100) and (105) planes.
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Fig.2.21 Wide-angle X-ray intensity curves obtained by
diffractometer along equatorial scan (——) and meridional
scan (---) for PET fiber spun at 4,000m/min. The intensity
differences between 12°-34° and between 38°-48°"are associated
with the diffractions on aumtorial direction and on

meridional direction, respectively.
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T 9 XD 4000 mmim, 000 Mpem Eoghin L7 85 A iR
r¥h I ga . TAE 4BCENIELE - RALBC L T B
. 3 5E v AN BAMR E03 ho ROF RO L ALE SF >
Ffur t B33 £aTsh 3,
13T, HRE{ABEcLBRa BB RR ErNd | A
T RARL Fofe ey, BRBOAFARSIFNES. BE H) BE LR
D e G0 i g YR VS Do 00 HA T H 3o = L. H(P o s 8
fe . [boxp P DR P ER T, oMokl e. SRBRAE, K&
B C L Togo mfmimn 2T L3 AT BAFRRALE 2 L= RE

F3tac AL 53, ko (HAEKABER. RAYM B Fad o

“w o B YRR E SRR AL 3 a5, df BBl o 1
Wit e w3,

B neso (d€Q) Sneso %:—”—‘950 Xer @) Xreso®  Xap @
am am
1000 m/min 90.0 0.091 0.039 0. 3.8 .96.2
2000 m/min 87.2 0.101 0.043 . 4,1 95.9
3000 m/min 85.6 0.421 0.176 0. 14.9 85.1
4000 m/min 54.0 0.950 0.287 0. 22.3 77.7
5000 m/min 39.3 0.608 0.140 19.6 9.9 70.5
6000 m/min 26.0 0.758 0.120 30.2 7.5 62.3
7000 m/min 23.0  0.665 0.093 36.0 5.5 58.5
8000 m/min 14.3 0.864 0.076 31.1 4.9 64,0
9000 m/min 20.7 0.661 0.084 25,8 5.7 68.5
Drawn & Annealed 24,3 1.463 0.216 30.3 12.4 57.3

Table 2.15 Dependence of take-up velocity on azimuthal peak

Spread of oriented mesophase ( Bmeso ), the area ratio of oriented

mesophase to amorphous phase in the equatorial scan ( Speso / Sam )>

the weight ratio of oriented mesophase to amorphous phase ( Wpeso /
; Wam ) and weight fraction of crystalline phase ( X ), oriented
3ime-sophase ( Xmeso ) and amorphous phase ( Xy ).
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Fig.2.23 Dependence of take-up speed on crystalline index,
mesophase index and total index (crystalline + mesophase)

for PET fibers.
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Fig.3.2 Interference fringe patterns in oblique cross
section of PET fibers under a polarized microscope.

(A); 7,000m/min, (B); 9,000m/min (symmetric interference
fringe pattern), (C); 9,000m/min (asymmetric interference
fringe pattern), (B) and (C) are the same samples observed
at different oblique qfoss sections. (D); Conditions for

appearance of interference fringe pattern.
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(a) 2000 m/min

(B) 9000 m/min

(C). 9000 m/min

Tl ]

Fig.3.3 Transverse interfernce patterns of PET fibers

under an interference microscope.

(A) ; 7,000m/min,:(B); 9,000m/min (symmetric interference
fringe pattern), (C); 9,000m/min (asymmetric interference
fringe pattern), (B) and (C) are the same sample observed

at different directions.
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Fig.3.4 Refractive index profiles along fiber diameter
for PET fiber spun at'9,000m/min. n// is refractive
index parallel to the fiber axis and n, is refractive

index perpendicular to the fiber axis.
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Fig.3.7 Degree of radial variation across PET fiber
(8§ (An)) under spinning conditions with (-x-) and without -
(--0--) gquenching air. §(An) is calculated from the

following equation. §(An) = An - An__.
max min

An and An . are maximum and minimum values of bi
max min .

~refringence in the cross section of the fiber,

respectively.
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Fig.3.8 Degree of radial wvariation ( § (An) / Anch )

across PET, Polyester—-ether and Nylon 66 fibers.

Ancm is the intrinsic birefringence.
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Fig.3.10 Interference fringe patterns in obligque cross
section under a polarized microscope which are calculated

from birefringence profiles along fiber diameter determined

by an interference microscope.
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Fig.3.11
for PET fibers.

Relation between density and refractive index

specific molar
refractivity(cm®/9) polarizability(cm?®)
experiment -0,2470 188.1 x 107°°
calculated 0.2454 187.0 x 107°°
Table 3.1 Specific refractivity and molar polarizability of PET,
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> Scherrer Hosemann
(010) v(Ilﬂ) (10m) (1m0}, (299) g N 7
I (103),(105) I
) 6000m/min 5.6 A 49,5 A 5.0 A 7.8 A 4.5 3 91.6 A 0.75%
Original
8000m/min 72.1 £).9 63.9 69.0 4,5 15.6 0.6l
‘ 4000m/min u7.3 u7.,2 VIR - - 58.3 0.91
Annealed
(Fix) 6000m/min 66.2 51.2. 53.3 62.3 3.3 36.6 0.78
3000m/min 73.3 64. U 60,9 72.8 3.1 95.5 0.50
o H000m/min 573 g 42,0 47.0 3.4 73.2 0.39
Annealed (D.R.%2,18)
6000m/min :
(constant
on (D.R.-1.450)| 65.3  49.8 . 52.7 62.1 3.3 77.6 0.35
stress)
8000m/min | 74 g 64.8 60.5 67.8 2.9 89.1 0.00
(D.R.=1.08)
Table 4.3 Crystailite size and imperfection for as-spun

fibers and their annealed fibers under fixed state and constant -

stress.
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!/
Take-up Annealing Long Period
Velocity conditions .
{m/min) (A) REREANE 0 (den)
fixed 98 e
20090
C.S. D.R.=1.27 112 S
fixed 103 49,8
4000 €.S. D.R.,=1.27 108 : 52.0
C.S. D.R.=2.18 111 53.3
fixed 118 47,4
6000 C.S. D.R.=1.28 123 45,5
C.S. D.R.=1.36 118 48.5
C.S. D.R.=1.40 118 46,5
8090 - fixed 127 41.2 -
C.S. D.R.=1.08 123 . 39,5

Table 4.4 Long period and lateral distribution (©) for

annealed fibers.
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Fig.4.20 Plots of refractive indices (n” » Ny ) and birefrinaence
(&n) versus draw ratio for PET fibers annea]ed at 170°C under
Constant stress. Draw ratio refers to elongation during annealing
Under constant stress. Orig. and Fix. denote the original as-spun
Vf1bers and their annealed fibers under fixed state. Take-up
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Fig.4.21 Plots of .density versus draw ratio for PET fibers
annealed at 170°C under constant stress. Draw ratio, Orig. and
Fix. are the same as in f19.4.20. Take-up velocities are
indicated on the curves (km/min).
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5, 2 AEH L BB 50 3 Ao Do T
5. 2. 1 2ER ik

(a) £ &

AEBR hEY RBE ST AonESLE FAOHS 0 EH
ocBBErLZRELL, PET e 33 bl . ¥YTIFLIT - F
L, ¥ 70 L >z wToREE4T, o BR V-2 2104
Kﬁ,%ﬁzas“. 1 1:&'3;9 EBRI3 &4 L <. BA) L BEA ) wm

BRI, ApRArsl . FREFR LY BB T RD,

Polymer Meltiné Temperature { Mass Flow Rate | Take-up Velocity
Tm (°C) W (g/min-hole) VL (m/min)
3.4 non-take-up
PET 293 5.3 3000, 4000, 5000
7.3 5500, 6000
Polyester ‘ non-take-up .
i 285 u.7 1000,2000,3000
-ether 4000,5000
non-tagke-up
PP 290 2.2 3000, 5000
Table 5.1 Spinning conditions for high speed meltspinning.

(b) B o R 2

Zimmer 5% . Model 460 A/2 HBRRIZBELER T KALAK T 49
A Bz rE, B5 1 (a) Lo BoMBERTT. Wi L e®R
RL v Ro x2ARAOGRIRR . EAH 4 un o BE LHY
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() (b)
Fig.5.1 Schematic illustration of diameter monitor (a) and

out-put data from the diameter monitor for moving filament (b).
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Fig.5.3 Diameter profiles on the spin line for PET spinning

at various take-up velocities (indicated on the curves, km/min).

A and B denote the filament diameter on the take-up device and the
calculated diameter from the steady-state equation of continuity,
respectively. Above 5000m/min, drastic diameter changes (neck-

like deformations) are observed.
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Table 5.2 Practical values and equations used for the new
simulation model.
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draw ratio on the drawing machine calculated by Thompson.
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Plots of yield stress against measurement temperature

Fig.5.26

for PET filament obtained at 6,000m/min.
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