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2 9 B WEE Zelolus FRAE A7) 95k tiopwl wEkIAl 4,4’ -diamino biphen-
yl (DABP), 2,2" -dimethyl benzidine dihydrochloride (DBHC) 2 2,2 -bis(trifluoromethyl)
benzidine (PFMB)& #4313 om g3lo]AHEal 4,4" -(hexafluoroisopropylidene ) bis(benzoy!
chloride) (HPBC) & #4d3lddr}. o] 2aidge] 2¢5Ho 2 FASd 242 a3ts Wt
F Zelopnl= ZEAE §YsIdlen nERRE S WES ARl S e 2 E
#Hel #x28 FT-IR, 'H-NMR 2 f94RMoz gelsigon dA8Ye DSC ¥ TGAR =
At 0)F FFAEL) £ HYAEE 1.2~1.7dL/g Yo Ba2xE o 450 C ojAtog
FUrh Azxd YESo] B g gz o s wWia7]7) ga] 1 w4l whg oz 350 Coll
A 13] qdilsled, PFMB/HPBC "o 2 RE 9283 100 MPad]A] HjodAln] 422 o9
th A" LEE9] B2HE 0.019~0.0362 e Jepigon, A=A AL 9Aln|9) Z7}
w2} 371t PFMB/HPBC 2&& d4ldo) oaiA Al 34 % 0.35GPa 2 Ho) 9 et
& 8GPal Axdgoe] AojHr). F X-A 348 dAn Ao JA" Ao AQu) A5
= 0.9 ol3lr). vhAc] H) EZW g+ 0.035 o)Ate] & ke Uehdo EM o] WS S| ujat
AFE v AR ujgo] 43S 3 EN ).

ABSTRACT: In order to drive in fluoro-containing aromatic polyamide 4,4 -diamino biphen-
vyl (DABP), 2,2’ -dimethyl benzidine dihydrochloride (DBHC), and 2,2’ -bis(trifluoromethyl)
benzidine (PFMB), respectively, were synthesized as diamine components, and 4,4 -
(hexafluoroisopropylidene)bis(benzoyl chloride) (HPBC) was synthesized as diacid chloride.
Aromatic polyamides having fluoro moieties in the main chain were prepared by
polycondensation reaction of these monomers, and isotropic films were made from them. The
structure of these monomers and polymers were determined by FT-IR, '"H-NMR and elemen-
tal analyses. Their thermal properties were characterized by DSC and TGA. The polymers
had inherent viscosities of 1.2~1.7 dL/g, and T; was over 450 °C. In order to orient molecu-
lar chain of films prepared, high temperature zone drawing method was applied at 350 C.
The draw ratio up to 4.2 was achieved by drawing PFMB/HPBC film with drawing stress of
100 MPa. Birefringence of the drawn film showed the value of 0.019 ~ 0.036. Tensile
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properties of the film increased with an increase in the draw ratio. Also, the maximum ten-
sile strength and modulus of film up to 0.35 GPa and 8 GPa, respectively, were achieved by
drawing PFMB/HPBC film. Crystal orientation index of the drawing film was below 0.9 as
determined by wide angle X-ray diffraction analysis. On the other hand, maximum birefrin-
gence of over 0.035 was observed. From these facts, it was identified that the effect of amor-
phous orientation is more predominant than that of crystal orientation.

Keywords: fluoro-containing aromatic polyamide film, high-temperature zone drawing, amorphous

orientation.
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B4 BFS Feopuis

A AHAM E& A @0 AP FL& Ul
Mt d& wonm Xk JIE 3Fe d9g wol 93
(softening) ¥ F& u] RHEAul AEHoz g
e B2 ARY AL JAE F U, = B
2 Ak&e) =43 (back folding) & |3l 3]
HAA EAARE (fully extended chain):’-i_.— A4 3
A8+ Ut olFA wiso AlPHLE 43 A
ol A AfET ol 1 o RE .1_{%1]- A&
o A8 & o 313 FFL 23 gevde F
el drh

o] A oA = benzidine rearrangement$} %Y
Ullmann {+g-&'° o]&3lo] para ez wdme
7t AZ=Y de FAF Fx9 4,4 -diamino bi-
phenyl (DABP)#} para ez WlAdielst 425
o QA7 A E WAE] ortho Yo ztzt R3)
7} & -CHy-9} -CF3-7} 1ol AM=ze] ]l el
oja] WAuele] planardt WEE AAE = JA=H
2,2" -dimethyl benzidine dihydrochloride (DBHC),
2,2" -bis(trifluoromethyl Ybenzidine (PFMB)-&- tjo}
9 g R gl AN o8 EXA(F)E Y
% 63l Y= 4,4 -(hexafluoroisopropylidene)
bis(benzoyl chloride) (HPBC)$} F$A1A =34
& oo o]z RE HES AT o|FA *ﬂ
29 Y52 7% ¢ B fuYsE Fo)n
YT FHTZE Ze= gk YES ded oA 7]
T 1 FAMHET dUjF oz 43 o)}
g2 2L HANHE o] &3l Al 3}5\’1‘:} i1g
AN 23 dild S IAHFE (94
35 2 ddex)d g 9dN 7‘1%—% kg
I E83 43 € oigAEe] BAE A4

4 #

A ek DA el sl 28 AJekl hydra-
zobenzene (573 3143 ), m-nitrotoluene (Aldrich Chem.
Co., Ltd.), 2-bromo benzotrifluoride (Aldrich
Chem. Co., Ltd.) ¥ 4,4" -(hexafluoroisopropyl -
idene)bis(benzoic acid)(Aldrich Chem. Co., Ltd.)
© 53 A% FAglel adz AN N-
methyl pyrrolidone (NMP) (Aldrich Chem. Co.,
Ltd.)& 200 CollA 24417t 5t AZAZ G3d#

#2/0f A2038 A5% 19963 94Y

289 Az 9 19 1 YA

€ 93 A g H 74 §) 45 AN FFF
F diAAlelE e Baste] ARS-sidn wad (g
I 15 At Ze Wyoez FA, BAs
AFE-3tet. 78] (Aldrich Chem. Co., Ltd.)=
EDTA (Aldrich Chem. Co., Ltd.) 2 8A3AAH A}
&3dom axte] Aoz AW 1§ ¥ 5FF
& Jd 2 A3

4,4’ -Diamino biphenyl (DABP). Benzidine rear-
rangement&'%!7 o] 83}y, hydrazobenzene 25 go|
$3E oF 270 mLe] JH=2 $4& 5CE P4
20% FJAHeA 300 mL(1:1)9] AA3 H3tA A
Hate duict wloj el Ado] FAHEE Bl
I HEr BF B 3o $94 190 mLE dixn
g 4E ASENAM 2417t V1 oz w8
g} g &35 benzidine hydrochlorideE o
el el 3|4 ity dHEg 3 *ﬂ4§_

=& 600 mLol| FE3] &3, st BEEL

AAAH 10% FAYEF &4 140 mI_.°ﬂ B
Fo] d2g W awshEA Aoz WAzl o
A g AA3] Fof AHg AN o] RE o,
FAE F 60 CAAN AT AZsln etz AEA
3l DABPE ¥t EZed 127~128C, &
83.5%).

2,2" -Dimethyl benzidine dihydrochloride
(DBHC)™-"7 (Scheme 1). m-Nitrotoluene 200 g
2 kS 200 mLY| ¥ 3F wulsidr). 99
AASIL AFEIHA ol B 150 g8 F4l3ln 5
AFJUEF dehE £9 (30 g/65% EtOH 150 mL)
& ZA2HA AAS Bl F oold 21 150g¢&
A4 o2 o A3 FYsta EFAS o 2471
L BF APAZT 7)) 20% G4+ 2400 mL
& EEH ZA2YHA HIA7IBM et ol

HiC CHa CHs
©
NO2 ——— N=N

CH»

HC
Scheme 1. Synthesis of DBHC.
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] Fol7] 93 719 A& Py FA
P& FE3) A7 & 993 AA T aekg W3
3 24A7 ot adlE LRSI AAE dedy
o] AAES Qo A Ao =AE Boll FE
8] 88|21 ¥ charcoal& B3 ELES AAT o
ool ZeFe] FALE Fueted WS AU o
AL oARsa 60 CAM RF 7zsle DBHCE
LATHFE 88.3%).
2-Bromo-5-nitrobenzotrifluoride. 2-Bromobenzo-
trifluoride 250 g (1.11 mol) 3} & 4F(95%) 300
mLE Yi A4 (60%)/3A4 (98%)9 1/1(v/v)
&4 200mLE 5-10 C2 &8 X3 2412
54 MM 7teld ). Wre-EE §F TEke] d&E
Hol de AYES A3 F83] FAT F A2
A HFAZ3S A =] FGEARE AU
(554 37-38C, & 96.2%).

2,2’ -Bis( trifluoromethyl )-4,4" -dinitro-1,1"-bi-
phenyl™® (Scheme 2). &4 3A171 78] 45 g (0.0708
mol), 2-bromo-5-nitrobenzotrifluoride 50g
(0.185mol) 2 tME¥Zoln= 100mLE ¥ 5
Az et #8F A HSERES oisly
Fe g AL AedE Jeoz Y4 A5
o] ol Fof AHES AUt AHES 60 CAA

2 AZ3 & AfdHiEz 3250 AFAAA
A= YHES AUHEEH 138-140 C, F
&7

2,2’ -Bis( trifluoromethyl }benzidine (PFMB)
(Scheme 2). 2,2" -Bis(trifluoromethyl)-4,4" -
dinitro-1,1" -biphenyl 15 g (0.039 mol), | &-& 50 mL
9 stannous chloride dihydrate 63 g& Y31 A2
oA mutstHAM G4k (35%) 80 mL& AA3 A3}t
3 F 9 8, a7 e Aoz YAAF
o}k AF7SE B AEEE AAZL FEEY FF

CFy CFy

HNO3 M2SOs Co
Br —————= O B o OMF
CFy CFy
SCly O
—/ NHz
°2"N°1 mEonma N
X £yC

Scheme 2. Synthesis of PFMB.
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FE 23 20% FAPIEF FEY0E FHALY
F o3, AxAT doiR HHEE oM EL=R
F23a o)RAE 130-140 CAAN S3AA &FH
PFMBE& 4t (5e3 178 C, & 59.4%).

4,4" - (Hexafluoroisopropylidene )bis(benzoyl
chloride) (HPBC). 4,4" -(Hexafluoroisopropylidene)
bis(benzoic acid) 10 g€ thionyl chloride 200 mL
ol FUsta 80 CAM BFIAE F oA TP
9] thionyl chlorideg 3FHELAIA AAZ}z 44 -
(hexafluoroisopropylidene)bis(benzoyl  chloride)
E QU oA & AAFTFE ZABA Y &
4% HPBC 2% & dAHT& 86.1%).

ZeEeh olevis IdEFH 2 FFH Ao &
B HBHl Uvte] FE9E QW VIYT 3w
oliAE £z dle A28 FULE YA
of. RG] E zZkE 250 mL &%) g F
239 AAE Y5 I3k (2.5g/100 mL
NMP)& ¥ mtetdaAr 50 C7HA $2A1A ¢4
3] gajA7l & ALolA diamine BAIE FU3}
3 ¥4 (3.8 mL/0.015 mol diamine)g A7}t
th. 2L 2= 6% (w/V)E 7I&oE &Y
o % 228 -5 C7HA #& ¥ HPBCE YAl
Z¥stal AAA LAY T R iR 227t
o o] &7l & 9 bathE AA T 429
OJEEE WAl FHA L AUrh

HMT £F. L9 dggd JAAAA A7
g F 60°C AFARAANA EH DE2AA FTHA
Batg Ak 2ol 84 0.125g8 NMP2 &
;HAIA F 25mL7t A 3ArHO0.5 g/dL). °] &
& Ubbelohde HEAE ]88t 25+0.05 Coll
H ETRE 2HaA ol 2Az 89 2 3
349) hHA S (inherent viscosity, 7., ) S 7l
et

HolM EZEM. Hd EFEML A Midac
FT-IR spectrophotometerE Al&-3lgx 9 &
& KBr gl oz, nize dgYos A8
th FARBSE 323, B85S 4em'E Q.

SEX HAPISY 2LEN. 7] I8 ERE
A& Varian UNITY 200& Al&3i9t}. &njz:=
GZA o] H A= acetone-dgE TEA A=
DMSO-d¢& 3] AHg-3lirh.
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B2 3%S Egoivi= E9 Az ¢ 19 12 7AA

2484, FElemental Analyzer Carlo Erba
1106 & Alg-3te] daAle} A9 C, H, N &
Fe BT,

UEN. 22te] 2RAE 4~8mg Hskd ANE
Argd A (Perkin-ElmerA}l, DSC-7)2 AX7]HF 3
A F#e&EEE 20 C/mineZ 39 550 C7IA|
Z33en, d5% 244 (DuPontAl, TGA
2950)2 AAv|H A $&4= 10 C/minoz
st} 2530

LB MxE. HA=E /M2 e FHAL /¥
ol o] A ¥R F doctor-knifeZ g9 =
¥ AN o 37 3llM 80 CTE 6417 F
ot Az 5AZ B Bl AA sl FF oo}
g AA s &S AZsG

A, Hs] dzd IEE Ho] 5S5em, F
2cm, 7 95 um=2 FH]dte] 350 CTolA 13 WA
A sk

£2F 3. 48 7 QAvE 2= 258 ¥
B8u]7 (Nikon, Optiphot-Pol104)&  0]§-3}d
546 nm ¥-ge] WP AMG-sle] AL e (g
o A (Dol st BEFHE Fadh

Adn=T/d (1)

o, dn: B2, ' 934, 4: A& FA.
FZt XM HE 2Y. FE9 JEAEE Mac
ScienceA}?] X-ray diffractometer MXP-182 A}
43led, 40kV, 200mAe] =344 YA FEE &
#3 Cu KaA (1=1.5405 A)& o] &3} SH3A
o} B9z wegoz L 360° SHIHFA e
34 molze] ¥rHEE o 4 (2)d Y] ul

3} 4= (orientation index)E A AF}H ).
Orientation index=(180°-half width)/180° (2)

QIBAIH. Instron 4201& o]&-3td LEo A%
g$4&2 I dAvE 2EEld AxE 2o
4cm, £ 5mme IEE 5cm/ming cross head
£ 2 JNd ANaF 108 AZAHEE HAsle I
10709 &8-AHE JHE9 27| 5% olde ¥
B gAY 71V EE HTEA AFBAEE T3

#2|f A207 A535 19963 99

At
gu % 0%

o] dAFdA ¥A® U3 DABP, DBHC,
PFMB ¥ HPBCe #4¥& FT-IR, 'H-NMR,
428N € 553 FHo2 gdsi.

DABP¢} DBHCE Z}2z} hydrazobenzened m-
nitrotolueneg 2WEFA=E 3l benzidine rear-
rangement Yr$-& E3517 dgjon), PFMB: &
WEAQl 2-bromobenzotrifluoride® UEZ3IA|A
2-bromo-5-nitrobenzotrifluoride& €1 ¢]& coup-
lingA]# 2,2" -bis(trifluoromethyl)-4,4" -dinitro-1,
1" -biphenylg& #4& F o] HFES thA] YA
7 44 t}.’® HPBCE 4,4" - (hexafluoroisopropylid-
ene)bis(benzoic acid)& Q3lEjledz GAAAY
33t

o|E YA FAHGAE 8L 60~88% A
=2 Had dagdon SHE E¥R% AR
o} E YAEA A9(Table 1) Agke] o3¢l
o A e dAE Yo IR £4
[Fig. 1(a) DABP FT-IR(KBr pellet, cm™): 3346,
3415(N-H Str.); 1610(N-H ben.); 1262, 1345(C-
N); 3043, 3194(C-H aromatic); 1494, 1610(C=
C aromatic). (b) DBHC FT-IR(KBr pellet, cm™):
2778~3050(N-H Str., C-H aromatic); 1606(N-H
ben.); 3050(C-H Str. methyl); 1493, 1561(C=C
aromatic). (¢) PFMB FT-IR(KBr pellet, cm™):
3340, 3446 (N-H Str.); 1635(N-H ben.); 1261,
1340(C-N); 3050, 3226(C-H aromatic); 1061,
1118, 1171(CF; Str.); 1446, 1494(C=C aromatic)
U Fig. 2(a) 4,4’ -(hexafluoroisopropylidene)bis
(benzoic acid) FT-IR(KBr pellet, cm™): 2800~
3400(0-H); 1704(C=0 carboxylic acid). (b)
HPBC FT-IR(KBr pellet, cm™): 1759, 1778(C=
O acid chloride); 974, 1180, 1247(CF;).] € 'H-
NMR £ A[Fig. 3(a) DABP 'H-NMR(acetone-
ds, ppm): 4.55(m, 4H, NH,); 6.67~7.28(s, 8H,
aromatic H). (b) DBHC 'H-NMR(acetone-dg,
ppm):. 7.14~7.29(m, 6H, aromatic H); 1.98(s,
6H, CH3). (c) PFMB 'H-NMR (acetone-dg, ppm)
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Table 1. Elemental Analysis of Monomers
Synthesized
monomer C H N
78.30(F) 6.56(F) 15.10(F)
DABP 78.26(C) 6.52(C) 15.23(C)
58.61(F) 6.37(F) 9.75(F)
DBHC 58.95(C) 6.32(C) 9.83(C)
52.72(F) 2.93(F) 8.71(F)
PFMB  g5250C)  313(C)  875(C)
47.73(F) 1.79(F) —
HPBC  gssc)  187(0) -

* (F) : Found(%), (C) : Calculated(% ).
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|

1000

4000 3000 2000
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Figure 1. IR spectra of DABP (a), DBHC (b), and
PFMB (c¢).

. 5.12(m, 4H, NH,); 6.84~7.08(m, 6H, aromatic
H).Jol 2%= §4 delast & Jehgozn v
7t A2 FAHAEE At

DABP, DBHC, PFMB ¥ HPBCZ Scheme 3
3 2e BAoz 3PBEAA BYS Fejolnl=
FRAE PAAAT. A LsAF YL diamines)
diacid chloride®] Fx|gutgo] FA3| AP
LAvrg o2 YA ET ME Fede dd3He
2 $U=7 A4 Bl e Rez Rusn
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Figure 2. IR spectra of 4,4 -(hexafluoroisopropyli-
dene)bis(benzoic acid) (a) and HPBC (b).

Hy

9 ¢ Q
H; HiHCl (DBHC) + cnc—@—g-@—ccx

CF,
&, NMP 7 CaCl,

(HPBC)
(PFMB)
Pynidine

%mﬁa@%@j

(DABP)

n

n:-0-0 . OO -BO

Cily CF
DABP/HPBC DBHC/HPBC PFMB/HPBC
film film film

Scheme 3. Polycondensation.

ony X ngalegel 3L 8 Algsie ¢t
459 445 LEAHE Y43 AR =
& 3o $H=e] A& s shedl ole iR
FAA AHg-sle v goiel dEed R 3
FEE gutg oz 20~3.0wt% 7 ARH Aoz
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Figure 3. '"H-NMR spectra of DABP (a), DBHC (b),
and PFMB (c).

A Qo o] AFA AL4-E diamine R di-
acid chloride®] %)= pendant group ¥ 84 &
FH3ln o ddHoz SHLuHAA PGl
2 B 6.0 wt%7tA] FREEE F7HIH
FE A9 T FT-IR [ Fig. 4 (a)
DABP/HPBC aramid FT-IR(film, cm™): 3318,
3443(N-H Str.); 1665(C=0 amide); 1405, 1513
(C=C aromatic). (b) DBHC/HPBC aramid FT-
IR(film, cm™): 3043, 3315(N-H Str.); 1666(C=
O amide); 1508, 1600(C=C aromatic). (c)
PFMB/HPBC aramid FT-IR(film, cm™): 3307,
3457(N-H Str.); 1671(C=0 amide); 1507, 1604
(C=C aromatic). ], 'H-NMR[Fig. 5 (a) DABP/
HPBC aramid 'H-NMR(DMSO-dg, ppm): 7.51~
8.08(m, 16H, aromatic H); 10.52(m, 2H, N-H).
(b) DBHC/HPBC aramid 'H-NMR (DMSO-dg,
ppm). 7.03~8.07(m, 14H, aromatic H); 2.02(s,

#&2lol A20Y A5 19964 9¥

29 Ax 4

R R

i |

M

(b)

B

i

/
!

4000 3000 2000 1000

Wavelength (cm™!)

Figure 4. IR spectra of DABP/HPBC aramid (a),
DBHC/HPBC aramid (b), and PFMB/HPBC
aramid (c).

Transmittance

s

6H, CH,); 10.43(m, 2H, N-H). (¢) PFMB/HPBC
aramid 'H-NMR(DMSO-dg, ppm): 7.36~8.35(m,
14H, aromatic H); 10.84(m, 2H, N-H).] 2 €&
24 (Table 2)2.2 #RIEHH. o|& FTHAES]
HAANE g9kl Table 3¢ YelIQ=d, 230
SN &L 89~95%E YEFow &9 M4
= oF 12~1.7dL/ge = vud & 2w
B3k 894 HAZ g WHES dopl d_AE
71&¢. 2 vwsdd DABP)PFMB)DBHCY <]
.

DSC(Fig. 6) 2 TGA(Fig. 7)o 23 4984 4
7 fEjdo| 2 AR FEEE YERA] wste
u oF 450 T R Ert AFEHE ez B
of Z7|RH2=(IDT)#E 7IE2 2 319 4UAAA
& G o 433 2 LS JepdE ¢
T Asdd. A9 FPAES NMPE &9 2 3o
LE ML o] & AZ3 LES A XA

wata] o] AFAME T FHASZHH A=

T T LS EPops WEES] EAHE £

mlm
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Ly ML -
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{»@»@ﬁ@e@ﬂ
"
A Jl«ll}L __)Uuu.__ A

M 10 9 8 7 6 5 4 3 2 1 0pan
Figure 5. '"H-NMR spectra of DABP/HPBC aramid
(a), DBHC/HPBC aramid (b), and PFMB/HPBC
aramid (c).

Table 2. Elemental Analysis of Polymers
Synthesized
polymers C H N
DABP/ 62.41(F) 3.71(F) 5.51(F)
HPBC 64.45(C) 3.33(C) 5.19(C)
DBHC/ 64.62(F) 3.29(F) 5.33(F)
HPBC 65.49(C) 3.87(C) 4.93(C)
PFMB/ 53.68(F) 2.31(F) 3.99(F)
HPBC 55.03(C) 2.37(C) 4.14(C)

*(F) : Found(%), (C) : Calculated(%).

FHoz g7yl st Eer o 71l
350 ColM BEEE HAI HAT. Fig. 8&
DABP/HPBC 2%z ANzd =2g (DABP/
HPBC ©&), DBHC/HPBC F#A= Axd &
(DBHC/HPBC €&) ¥ PFMB/HPBC F##lz
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Table 3. Polymerization Condition, Yields, and
Inherent Viscosities(IVs) of Polyamides

monomer Ve
polymers  concentration yields(%)
(dL/g)
(wt%)
DABP/HPBC 6 95 1.62
DBHC/HPBC 6 89 1.26
PFMB/HPBC 6 93 1.48

* Measured at concentration of 0.5 g/dl. in NMP at 25°C.
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Figure 6. DSC thermograms of DABP/HPBC aramid
(a), DBHC/HPBC aramid (b), and PFMB/HPBC
aramid (c¢).
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Figure 7. TGA  thermograms of DABP/HPBC
aramid (a), DBHC/HPBC aramid (b), and PFMB/
HPBC aramid (c¢).
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Figure 8. Drawing stress dependence on the draw
ratio of aramid film drawn at 350°C.
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Figure 9. Plots of birefringence of aramid film drawn
at 350°C vs. draw ratios.
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Figure 10. Tensile strength of aramid film drawn at
350°C with draw ratio.
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Figure 11. Tensile modulus of aramid film drawn at
350°C with draw ratio.
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