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In-situ observation of structural change during the crystallization and melting of polymers
by temperature-jump process.
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(English)

In-situ small-angle x-ray scattering (SAXS) observations of two kinds of polyoxamides,
nylon-9,2 and nylon-MOMD,2, were made. Time dependences of the SAXS profiles of the
samples were collected and crystalline lamellar thickness vs time of each sample was obtained
from SAXS profiles after temperature-jump to a temperature just below the melting point. It is
cleared that the lamellar thickness is constant for measuring time. The SAXS profiles of
nylon-9,2 crystals prepared at various crystallization temperatures were also measured after
temperature-jump to high temperatures. With an increase in crystallization temperature, the
crystalline lamellar thickness increases.

2. BERLEN

il b oy F OBPEIE, RESIECEm IS IE IS AL S N D, REsTEm ST T, FER RSB 2R E
FEE LEAR T AT 0 To e EN T EZERREOR A HE L, Tk, FiRT 5 & ARl - H#
MALIBRE SR Do T DT, w5yl b O AR O AR 2 BRI A TO R, SR sy
T ORMFEE TR IIERR 2RI HE TH 5 Z L ITA L INBWESCHLE 7' m & (2B U CRERRICH B b
HETHD,

1 53 -t i O LRI PR L R 1T O YR 2 TE IR RB IR A3 5 o RIS s R 1 Al AR A2 4 50 < SCBLd %,
Bl ZE, mo R OMRIE T A TREOES (Fifh 7 A 718) IKFT 5, LI2di-> T, mfiEie




DAZEHIRBRED 7= 0121%, AT 2 FkEinit - LB % B8 U - mhfg@s Rl & T 23 3
LA,

EEDIT. SETIETAYEZI7F v 7R 7Ly (iPP) fidbomfiEfelt, MiMbiaE L Zo
BOFRBERICKEX RGET A EEF LML TE L AEwmalERNR (BEY 1 ) CiL, fix
DFEEHEE S FATON T, R ¥ o B L 0 IRVIBA HIFER Cofsib 2 EB L. fEanb R oks
fa 7 A Z B0 E /Mg X BREGELE OSHIE  (in situ SAXS) 12X > THlRA, 0%, RBloE#ES
IREVHEIC L0 iR 2 BT 5, mkiEd & e & oBRE EENICHT 52 L 2 s
j«o

FEORBOL & AROERITZ2FEEORY AFH I FEEEEICOWTLLFOHBTIT- 72,
OB 2 Bl E T OBEEIRICIEE U v o 7 SE7-5%IOHER 2 5 FHRH 35 % in situ SAXS (2L - T
BT 5,

QIRJE Y v o FUEIC L 0 KV JIGEE CRE ML L BB OfEdh 7 A Z 2% . in situ SAXS 12 &
S>THESAXS a7 7 A L BEHT 5,

3. EBRE (RH. EBAZE. MITAZEOHA)
(1) &8
AN 2 FEOA XY I K, A 129284 17 MOMD,2% v 7=, 1LizEnEFnofbs

W& xR T,
i H\)\/\/\/\ %
fNAVAvAVAvANkw} fN Nkr}
H H o H O/n

(a) (b)
1 F40292; (a)&F 4 0> MOMOD,2; (b)DIb2iEiE

SAXSHOFEHL, T AENIZFHED TEZENA L, $280°C Cooy it < &7, BRORERL
BEETATIRFEHIE U 7= A A VS AWNIZ AL, 24 MRS L ST 72, 200 umDJE X Dk % 16
mme D 2K DHR D BN A 72, SR D D EBIZIEXERAS FH O3 mmeD /238 0 | IROEBIFITITR
VA I RZ 4 Vv AREEB, BBVt e K iz ST g,

(2) X#B/MAREL
SAXSFEERTSAGA-LSOBL-11T{T -

sample

77, SAXS£1Z8 keVDOX#E % Ay, pre-stage
PILATUSH B FRdk L 7o, X fiel,  famace — e R
WEDOVAT v F&RARY, ke | ST e

Wi £ COMEE (7 A &) 1180mmT  wangafon | N[ 7 PILATUS K e

B0, FICIFEZEARZAZFE L],
UEHREE X1 R ESNTIRE Y v
AT =V THIE LT, ZOREY ¥ 7
T — LIS U RS il T HE
R2ODAT—VEFFL, TMUOAT—Y

N OFUEHZ I EXHRAST ) & HCELXHRBLI A
DBENG 5, Temperature jump type hot stage

2 BEDY IR KRYy FRAT—UFRAV:

(3) #8M-FRME 2 METFLICELZ XRMABERAELATY b
SAXS 7AJ77AM IDOLDEERS A SEDEY

FEET A TJEILSAXS 7 7 7 A A BEH LT, K3 DNy 7 7T RERELr—L
YVHIIEZR L7 D SAXS 77 7 A v (LLF, Mi1lEHE A SAXS 71 7 7 A V) Ofl&ERT, KIFFEIC
B HFENEBICITIEE OfG Pk E 7 Rk fSfn 7 A 7 LM & Hi o 7o g 7 A TS
DB L TWNWDEEZ NS M3 DSAXS 717 7 A VLK 4 DFEE T A FHEEIC L Db D & HEH
L. B8 T A THEEICH LTS O X 5 2kl & FEEAHD 2 FHE TV 2 2R ET 5, Z 2T, Fdd
DIEEZ |, WmT7ATEZ |, B La(EL+1)ET 5D, A TOREH RO —IRTEFHEES
fizzp@@)& L, Z0HCHEBEBEE K@) %

K(2) =((p(0)-< p>)-(p(2)-< p>)) (1)

LIEFRTDH, ToEx, ACHBEEEKE 1. IMEELRE (g L1T 7 — ) =

N fitace
04 /

observation stage

L~




K(z) = CI4m2I (q) cos(qz)dq ©)

TRMRHIT IS, K3 D SAXS 7r 7 7 A ANBELNTE K@) K 5IZ7RT, Kg)DH 1 ve—7
NENFEE T A THBEORAM Lo \ICHY T 5, 2 /NI WEERORD 2 BEHRITEL L, OB E N
—ATA L EDRRD 7 OfEIF, > 1 ( FEEEE X <50%)D & XX 1, <1 (X >50%)D & X1,
L%, AW THIE LIZREIOSE ., JAMA X BEPTIEORR, @ik Ok S e M r 92
DIt LEE DY 50%LL ETH Y | ZHLAIMIRE SaLEE DS 50%ATE T o7z, Lo THIE T L, <l & L.
FNUMT > & UTHNT LT,

3
I, tE@mTAT
2t Lea
5 4
E . L iRt
o N4
1 { )"‘.‘. R
.: \;‘ ]‘Ca = [C + ’a
F; ?, EEREREAMY
J S I, HERTASE
oL 7 TEEL ] L FROES
0 05 1T 15 2 i o C— ) — e ~
g/nm 4 #ER—ERDEBERSASHEED 2HETIL

3 SAXS 7774 LD

0 1;(195 L 10 15 20
znm
5 SASHEBAR:z D—RTEFTE
p(2)DECHEBEREE K(2)

4. EBRBERLER

6 |ZHs e LIREE T, = 210°C T ik & /7-F 4 = > MOMD,2 3UEF2 H V>, 100°C BL T OIRFEH
5 T=200°C (T -10)ICHRE Y ¥ o 7 ST DORELD SAXS 7' 7 7 A /v (HiIEFEA) ORISR
5T, SAXS 71 7 7 A JVIKIRE Y v o T EE SEFFREHEN TITE A EB L L TN X 9T
2D, HTILZSAXS 70 7 7 A AL ELNZREY v 7HROEE T A 7 REHM L LERT AT
JE 1 ORFZELTH D, BEAPEFHEET A TEITRFHZ LT TITE -ETH D, FEORERIL, B
LIRS T, TR ML S 72T A 22 MOMD,2 & F A 1 92 ThiER SN, L EDOFER L v |
FTAar 92 LA v MOMD,2 DG, fhabE OFIRIZ L - THABEIFE E A EHEIT L2 0
ZERDbD, TOFERENDL, R ETOMET A TORLbIZFEA RS RV EMGIND,

8IS F I EAFMLIRE T, Chif b S 7= 4 1 923k %2, 100°C LT DIEENN S T-10°
C DIREFEFTREY ¥y T IETHOBRET A TIED TARGETH D, fEnbIRE LI T
fn 7 A 7R EBEEEMITEMNT 5, ZoBguL, @, fSaetkms s R o 2BRTH D,
A%, A BB O RS 2 Enl AR R 2 E BB 0T (EdAE DSC) THIE L., M7 A T8
L RS ORISR (Gibbs-Thomson plot) 7> 51 12 9,2 OF-Hi@h S & TR iEd 5,




25 . 10
3600 s 9f Lca
20l 3——"0005 Sw——— o O o o O o o o o
M 3
2400 s 7t
5 15 =— e
s 18005 _rmenn E 6l
o 10l 12005 e, = g
= 4 I,
50 e o 0o o ° ° L4 °
6005  mernem 3t
3005 o
Ok ] ) ) -
0 0.5 1, 15 2 1f
g/nm
6 T, = 210°C THERIESE=F % 1000 2000 3000 4000
4 B> MOMD,2 %, 100°C LA F®D t/s
BEMDS T = 200°C (T, -10)IZEE
DY UTEIEEBEOBERH B 7 Tc = 210°C CTHRILSERF1Y
SAXS 7O 77 A LDBEFEE MOMD,2 #. 100°C U TDREMNS T =
200°C (Tc -10)ITEED vy v T B - D&
8 ' ' - BoASHBEORBHL.EERTATEIL
DEMZEL
7-
[ ]
[
E . .
—Q .
5-
4 . . ,
230 235 240 245 250
t/s

K8 SFEIEFLHBERILEET THSA
ftsEf-+00>928 8%, 100°C
LTDOEEMIDS T-10°C DEEZET
BESYUTEE-HBOERSAS
ED T &kFE

5. SRORE

AU AFY I FIZONTUL, Kb oRid 7 A ZEORMZE 28T 2, T4 r L 921To0n
TIE, @l AR DSC CRlA A HIE LSRR 2 I ET 5, RRED FEER A M OfE LIRS 77 122 T
Ehid %,
6. SEXM
1. Akihiko Toda, Ken Taguchi, Kano Sato, Koji Nozaki, Masanori Maruyama, Katsuharu Tagashira, and

Misuzu Konishi, “Melting Kinetics of it-Polypropylene Crystals over Wide Heating Rates”, J Therm Anal

Calorim. 113, 1231-1237 (2013).
2. G. R. Strobl and M. Schneider, J. Polym. Sci.; Polym. Phys. Ed. 18,1343 (1980).

7. BRCHERE - BEF (0 ABBEICEET S 2 hE CoNEMRAE)

8. ¥—T—F (& REROFERFELFEST S HEL2~3)
X M NARELE OG#IEE, atEss . A ry




9. MIEMBABICDOLT (G : ¥ 2108 LR EDOABICHOWTDE@D S LAY LAV H A2 LT
EEV, Fio, R (EHEMN) RELMER L X —~OWE . F IR AR A~OFRERHE 2 RA LT
IV (2016 A FEFEARREIT 2018 AEE R HAIR & 720 F9),

R Z A 7HEE, SRAORSEBORASEEI AL E S,

O #wX (EFfM) BERORE (R - 2019423 A)




