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Effects of packaging and heat transfer kinetics on drug-product stability

during storage under uncontrolled temperature conditions
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Bt R G T oMo 22/ OREMEIZRE T NIL, TOEHDO
BBl ELZEIRHICORIKFET DL HREDLDT, BUsHIZ
BT 27—UzoiEANTEMy R0 (1) TRIZENTE

dT
q=—%—QV—“—=ZUQJH—ﬁﬁzKin—%) (1)

2T, g WEENERA, ¢ WXEER], TR, X IXEVEE AR, 1 3B
BEE, L IIAEHEOR S, SIEEAAHmME, C IXTHEMERS Y
ODEE®E, Viddsy (M) oFME, TLIXRERE (KJUR), T, X%
Yo () OMRE, kTR T OBILHE (k. = SVVLC)Z TH £ LR
T, F, HBESAZERACTERIE (RERE) Z 8L ARED X
RN A (A = o — ) RS ORFHEZ2E T2 L, oF
L7 ERA (te) OREIEE (Tpy) &, TOEMOYMME (A 12,
BEBEIRE (T) CBGLEE (T,) OBREEZHBEI LT, L (1) 1
WoT Ty bEATDHEEXOLND (Fig. 1). T 2T At; TIE T 13—
ELERRELZOT, 26D HRMEEZANTA (L) OMH TR %M,

IhErEHETLEX (2) DHELRD.

Thiv1 = Tai — (Tai — Tpi) exp[—K,(tiy1 — ti)] (2)
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Figure 1. Ambient temperature and producttemperature
under nonisothermal condition.
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Tpiv1r = Tpi + Ka(tivs — t)(Tai — Tpi) A3)

L2L, X (3) T, W KRELT, A (Ati=tim—t) BDEL, @
mORGFRBIEE ERERENSNTEENLTCWD A, ®GIEE &R
FEOZENGFE N SN2 8GR E O ZE S8 KIS S 4D TR M2 &
5. Fig. 212, ko M KEL (2.0 0", BREMBRKORGIEE (40°C) &
REEILE (20094 8 H 1 H~3 HD & Wi koK IR : 47 77 Bl 44 B 22.4°C,
THRIR 24.4°C) IR TN TR Y, SEIKER AL AEWV (1h) HA
DR EHERBBELZ R L. X (3) ICXVHEMN L8 EEEIXER

BEZPLE L TREIIEHLEREZ XML T2 (Fig. 2A). Z
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it 5722 vy (Fig. 2B).
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Figure 2. The difference in the product temperature by equations. k,is 2.0 h'l. Divided time
(Af; = ti1—1;) 1s 1 h. The productinitial temperature is 40°C. (A) Eq. 3. (B) Eq. 2.

®: the ambient temperature (the temperature of Saitama city from Aug.1st to 3rd in 2009),
@: the computed temperature of the product
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ft=x ¥ —, REXEKEHREZZEZNENRT. T L= A7 vy F)HE
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VR ORI EEER () o8 LEB/NREROER (Ag) Z T
TH¥HL, X (5) KLV EHFTLIZENTED (Fig.3). 22T,
top 1T PR AF B TR 2 o1 9.
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k.. = =
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Figure 3. The reaction rate constant (k;) of the product
within the divided time.
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Figure 4. The temporal changes in the logarithm of the differences between the temperature of the products
and the ambient temperature. ®: A (100ml glass bottle oral liquid formulation). - : B (paper box containing
ten glass bottles of 45 tablets). m: C (paper box containing ten A). ¢ © ¢: D (polystyrene foam box containing
three A). Experiments of D were repeated three times independently.
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Figure 5. The time courses for the ambient temperature of Japanese cities in 2012.
(A) Asahikawa city. (B) Saitama city. (C) Naha city. ®: daily maximum temperature.
®: daily average temperature. A: daily minimum temperature.
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Figure 6. The time courses for the ambient temperature
of Saitama city from Aug.1st to 30thin 2010.
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Figure 7. The time courses of the temperatures and the approximate curves by the Weibull distri-
bution function. Symbols represent the temperature. The solid lines are the approximate curves.
(A) The temperature in the ocean container (r*= 0.984). (B) The temperature in the store house
(r* = 0.964). (C) The temperature of the Saitama city on Aug. 2nd in 2010 (r* = 0.965).
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Figure 8. The time courses of the product’s temperatures as computed using equation 2.
The product’sinitial temperature was 50°C in each case. The ambient temperature was
25°C. The subscript of each curve indicates the apparent thermal diffusivity.
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INS N E FTE, ARROWBAERE WY, "B OREIXIEE E, R
AR E IR e, WA ORTFHBEE CEREREOEN KT WEA
i, BEEEIREREREORNEHEE A2 > ThaITElL
(Fig. 10B).
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Temperature ("C)
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Temperature (°C)
Temperature ("C)
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Figure 9. The time courses for the computed temperatures of products.
(A)The ambient temperature is the repeated model temperature and the product initial temperature
is the initial ambient temperature. (B) The ambient temperature is the temperature of Saitama city's
summer (from Aug.1st to 30th in 2010) and the product initial temperature is the initial ambient
temperature. (C) The ambient temperature is the repeated model temperature and the product initial
temperature is the arithmetic average of the ambient temperature. (D) The ambient temperature is
the repeated model temperature and the produect initial temperatures are the mean kinetic tempera-
tures. ¢: product temperature (ka=10.324 b'"). © : product temperature (k2= 0.05 h'!). #: product
temperature (xa=0.005 h'). ¢: ambient temperature.
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Figure 10. The time courses for the product temperatures under nonisothermal condition.
(A) The ka of product is 2 h-!. (B) The x, of productis 0.001 h'!. ®: The estimated temperature of product (the product
initial temperature is 5°C). @: The estimated temperature of product (the product initial temp-erature is the initial ambient
temperature). @: The ambient temperature (Saitama city's summer from Aug.1st to 30th in 2010).
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EbDOTHD. KB KEW (Th'BLE) #F L IEEFIT/HSWVEEKTIX
RIZ1TICEHEWEZEZRL, 582 EE L FHICEEEL L, EEL
WG EEEDIFIER — o, THICx LT x, 2 H M EEK TIE
RiIZT1 X0/, ZOMEMIFEELLZRILF RN RELIRDITE
BETH ol ko MIEFIT/N S WO CTIEE G~ O BE Gl E 2N E V-
O, BAREIIRARBREIC Bk, BREPEHFXT 0 v 7
WEEFEOIRE LR RE1ICRDLDEBEZILND. £, xa D RKEWVH
I ABRERENENZ D, MERENRREIRE S IFIER -2k,
R=1IC5EEZLND . BT, Fig. 9ICA BN D K 912,k 2 0.005
B 03240 OFIPHORG OEELBFEIL, BREREOLBHH LY
INEL D, BEREHBEARLCCTCHLREOLHHEANS KRS 2D L,
EFZOETNVTHRB I N FY RIS EHEITIEE L= R L — 0K &3
W RT 5. o T, ko PFHIHEBOHEHMICA DR T kin 1T ke XV
RELS R, RIZ1T IV /NS DEB2ND.

Fig. 11IBi3fE a7 F 07 VEEIC30 A, &2 RELLSEG
DREK,OEBERLELDODTHD. 1 BT (Fig. 11A) & 30 HRTF
(Fig. 11B) # &3 2¢, REYHPIEL 2513 L, FEMELELT 3
NF—=DBRELRDITE, RIF/MSL o, ZOEMITED X 5 IZH
HIT s nHks., b LEBBERNEH XX T v Z7BELE LT
WILIE R=1 122 %, La»L, MEEREZWHME (CFYXxxT7 0 v 7R

IF
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FE) O WRF o & T BN SE IR E ~ & £k L T47 < (Fig. 9D).
WoT, MEMHMPELS RH2IIEHBIBRELEHIRT 1 v 7 IREDE
IRELS AR, RB/NEL 2. MR TEHEN 308 OHA, .’ 0.001h!
THbRETITDIRFREITIRELS 2oz, FREMEEO T B IX ORS00
XX —Z2FBEL THETRNETHDID (ko DER/N DG EITHRA
BHIZCE ST R=112722), LBEOKF TIX «, D&M 2 $ M E 5 (0.001
B 1h!) TR E L.

Fig. 11C 2, " ORGFHBEEZREREORINEWEE &L,
a7 FOETVERICIOAMKRAELLZEEDORE (g, AR EZRT.
REGOMBRIZ, RV 1T IXZVNAEWNENS uB K &I 1 ITIREKT S
VITEARNRER ST kg NS WVHEIBLTIE RITTEE{E XL —DE
RS L7 —EEEZRLE. CORD — EHEITEERENREREOH
WMEHTHLEXFFT 4 v 7 R 'ODWBICHYT 5. EBE, L (8) &
WEHLEXSXT 0 v 7 ROMEKIT, T £, 0.629 (E = 83.7 kI/mol),
0.443 (E =104.7 kJ/mol) & T} 0.186 (E = 125.6 kI/mol) TH VYV, Zh b Dl
1% Fig. 11CIZ R L7Z kg X/ANEWHEBL TO RIE L — &4 5. RS Z 0 EE
T EMEEZ D Ok, 3/ 072, BT E AR BT IR E o Bl
(FEHEREICHYT2) METCICARDLZLICERTI DO LEEZD
o, —F, e " REWVWHEKCTIE, MBRESRRERE LT -H8T5
O RIZTTICARD., g PHFHBEKTIE, o PRI RV RITF X
TAYIROBEND 1 ~EHEINMT 2. . nPRERE 2D 0ETREL
L CTiX, 100 mL O¥EAI2 10 R S 72, 100 mL O A 2 3 K
Aol RBWATF o — VOB ELEZTLHZ LN TED. - T, R
T O BPE B SR 3 R AR R LS Lo borERE T T 2546
MBI EETRELAOERNTHLI EEZLND.

Fig. 11A, BIZB W T, 28 0.1 h'' X 0/ S WEK TIX, 5 F5 /28
ELRDIZEN, RPN ol R GFHBEN+DICELS 2D &,
Fig. 11A ® 7' 2 7 O IR IX Fig. 11C OB RICET S W=, HEHMBNEL
AL EHBREIREREOREINEHICESS Z E0NRO b (Fig.
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YA KLU D). ZOKRBREREEORFELE T 77 A NVNEEXD L,
Fig. 11A, B ORRICE BB ENEH IR T 0 v JIRENOGRESI NS,
FENMICB T 2HBIEELBEREOENEY EDEOEFELIL, #F
HIMAEL 221V L, B8 o R 7B GRS B8R 58 IR Bl 75
THDHHEEDRE k., DR (Fig. 11C) Ik 3< . #t-» T, HEHMN
Bl eo MmO KRIEIL Fig. 11CIC—FH T2 &BZx6nb. AT O
PEHCEN L E 0 NS BREHBAENES I, WA OMRGEHBERE b L
EETHICE > TEERNFTHD.

-

12 12 1.2
I b o[ ©

~ 08 B F 0.8 \ 0.8

%ﬁ 0.6 \\/m/ 0.6 R\ /// 0.6 = ‘////

=i YQ\_4W s A
e

0.2 0.2 02 L2

0.0 0.0 0.0

0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
x, (b) K, (Ir) x, (b1

Figure 11. The relationship between x, and R. (A) The products are stored for one day under the
model temperature and the productinitial temperatures are the mean kinetic temperatures.

(B) The products are stored for 30 days under the repeated model temperature and the product
initial temperatures are the mean kinetic temperatures. (C) The products are stored for 30 days
under the repeated model temperature and the product initial temperature is the arithmetic av-
erage of the ambient temperature. The subscript numbers near the lines indicate the activation
energy (kJ/mol) of each line.

Fig. 2 ICITRBEIREORRKIBEZDN R & «, DBERICK T T EEZ R
L7z, IeRIREZ 30.9C (Fig. 12A) 28T 5 ROEALIL, Kk KIiREZE
8.9C (Fig. 12B) o b D LV K&, BREREORKIREEZNKE R
&, ROZEMALRELS LD MmERLIL.
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1.2 1.2

(A) (B)

—_ 0.8 0.8 OO 63
= w \\\84
o 06 W // 0.6 \ 105
126

& 04 ~_T05_~ 0.4

126
0.2 0.2
0.0 : : ' 0.0
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10

K, () x, (b)

Figure 12. The influence of the maximum temperature difference in the ambient temperature
on the relationship between k, and R. The ambient temperature is the repeated model temper-
ature calculated by the Weibull distribution function whose maximum temperature difference
is 30.9°C(A) or 8.9 °C (B). The storage period is 30 days. The initial products temperatures are
the mean kinetic temperatures. The subscript numbers near the lines indicate the activation
energy (kl/mol) of each line.

Fig. 13 (2%, WAz 3Vt EHoREOREICKFLESAE (kFH
M :30 B, MEORERBIRE : FHXXT 4 v Z7HE) O R L x,D
Bz Rl Z2OREOHARKIBEZDFEEIL8ICTHY, R L «,
O B IX Fig. 12B L L Tz,

1.2

1.0
(B 63
84

0.6 105
\ 126

0.4

R (k')

0.0 L i i
0.001 0.01 0.1 1 10

K, (h)

Figure 13. The relationship between k, and R when the products are stored under

the atmosphere of Saitama city’s summer. The ambient temperature is the atmospheric
temperature from August 1st to August 30th, 2010, at Saitama city. Storage period is
30 days, and the initial product temperatures are the mean kinetic temperatures. The
subscript numbers near the lines indicate the activation energy (kJ/mol) of each line.
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FERBEICRESINTES SO GMNR, 25CITRFEINTZHE O 5
ERFICRDEEOFRFREROKRMABME 2 “25CH L™ (6s) &
EFRLZ. s 13X (9) XVRkDOEND. ksl 25C—ETHRHFEIN
REEORIGEEEH THY, s FHEZEBE CORGFEHE TH D . ks
TR T OBILEE (o) EIEMHRET= R L F— (BE) IZEFLTUTFTOR
DERICENT S

k
lys = tnisk_:: (10)

SWEETOEDOREICHLZ 30 HRIMRAFALTIZEED s %, YT 5
Ka& BE & IIZ Table 1IZ/RL72. 0.01 5 1 O#FFH T, BN/hEL bk
s ZELS o, BICZOMBMBIZENKRESLS R EBWEICR-T. 52
DN ESRMET CEELEZMFFT 2720 OB ER 2 @ 2T IT 72 2 W
BCThd. iz, MERICLEE LR T 2B O FIEITRE Z mER
BRICKk2ZETHD. LLAERL, 23X NEEDNRT U AEZEE LY
B, BEEOZBRLEFEFTEANMERLI D EEZIOND.

Table 1. The 7,5 in Saitama city's summer® and corresponding E and x_

hs (day)
i, (hh) E =63 kI/mol E =84 kl/mol E=105kI/mol E=126kl/mol
0.01 431 48.7 550 62.1
0.1 43.6 49.6 56.4 64.4
1 44.6 51.6 60.2 70.7

a) The 55 was 30 days and ambient temperature was the atmospheric temperature from Aug 1st to 30th
in 2010 at Saitama city. (arithmetic average temperature was 204%C  the average of the difference
in temperature within a day was 897
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BEE FEERRETCTOREMICHE T 3 EROKITE

ARETIE, ZTNETICAERTREZEREIRE &®/LEEOEIZX DR
B EE L CRBEEZREB L, 2 o0& EEESEMEKS OB RO
HWEZ P T 2 HEOZUEL2ERICEVRIELZ. B 1H CIXRHT
OBYLHEN R EREHRIC AL QERSE & PRIERICA D QEERITO
WTHEIEBRE O PHIME & ERUEL KR LEMKREEZ, F2HTIX, 572
VEEMER S E LEET VLG 2B RO R D 3O ERS (B
RN RS RBEHICADQERS 1S PHEEICAD0UERR 2
WAL, NLHICEY L% BT L, R BRI IS R R 2y
BlhEZH~, HEEMNEREZ EORENT 2% KRAEL 2.

>

S

51 E AR

Fig. 14A ICH IR S A (7 2HEAY 100 mL NARIE A «,=2.5h")
EETIUVRERE BWEa2> 7 FTHAHOIREET L, Fig. 7TA OV IR L)
CRFELEZEEoREEEEZNX (2) LV EHBL, FEUMEE LKL
FERAZRBRE LIRS, BB ORFRBIEEIIEESXXXT 0 v 7R
FE (26°C, E=84kJ/mol) TH 5. ZDFEIZ kaW K& W (1h' LA k) S,
DEEOEPMITREEEICITIE-H L. /2, WHEEOHEMEZ
FHfEE R L. Fig. 4Bl T L A¥EAESE D (RS A 2
3AKANSTZRIWAF T — L k=0.145h"") % Fig. l14A O & D & [ — &

ki

HCHREFELEETORBIEEORKEE (ZRME &FEM) Z2RERE
IR L. ETLVEERZE DI o, NP REEEICA SO T, 85 EE
ITERBEREBEICERICITBRE Lo 22, SR E O ZBME & & MEiX

B —%%L 7.
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b SoHL - f
: A A A A
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= 5 \I
i) o
=10 W H 5420
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0 24 48 72 96 120 144 168 0 24 48 72 96 120 144 168
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Figure 14. The time courses for the ambient temperature, the computed temperatures of products and the observed
temperatures of the products. The ambient temperature was the repeated model temperature and the product initial

temperature was the mean kinetic temperature (26°C E=84kJ/mol). (A) 100ml glass bottle oral liquid formulation.

(B) polystyrene foam box containing the three bottles of A. ®: the ambient temperature, ®: the computed tempera-
ture of the product, @: the observed temperature of the product.

IHlC, ETFTNMRERE ML EZEZ THRHFNZMA 7. Fig. 15127 L
ETNERERE (KEIRE 59.5C, RIEEE 28.7C, Rl V¥ iEE
38.8C, FH X7 4 v 7 iE 46.0C (E=99.3 kJ/mol)) ®# VK LIZ,
BT (k,=1.470"", 85 2 (k,=0414h"") RO 3 (k,=0.145h7")
ERA LS 0RGIEEOEPM LG EMEE2RERE & JLIZ Fig. 16
R Lz, BEORGFHEBEEIEFSFXT v 7HETHD. W1
T ke MREWVEIRICAY, B2 L3 «, "FHMERKICAS. ®GLE
EoERAMEFEMIBS —&H L. £/, 801 CITRBEE SR
MIFIE—FH L7, 23 TCHRBERBIBET HLAE»- .

WA, WEMHE= X V¥ —% 84 kl/mol & LT, X (6) O T, (M8
HEOEMMEEZMRAL, HHLELE @Rmmw MR EICEEE
W REHG AL DIZOWVWTkD., oM, mREL AL
WTIER=0.99,Rops=1.03TH YV, EF L AERLEDIZHOWTILZR=0.55,
Rops=0.56 Tho70. ZDERIZT R & Rops TR —HT 52 &R
7.

INHDZENG, EENHFLICHBE LZRLIEE TR (2) 1ZEH
BErREI KBTI ERNRINTE. £, o P HPREERICALZRE (£
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TNAOEES D, "W 2kT3) FEHRBCEEZRDLITYED B
5 LRMEDNDDEEZL BN,

70
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Temperature (°C)
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0 5 10 15 20 25

time (h)

Figure 15. The time-course of the model ambient temperature. The maximum temperature
was 59.5 °C. The minimum temperature was 28.7 °C. The arithmetic average temperature
was 38.8°C. The mean kinetic temperature was 46 °C (E = 99.3 kJ/mol).

L 70 70

(A) (B) ©)

Tl | 60 | 60

“'g’ 50 | 50 | 50

= 40} 40 40

5

= 30 ;

£ 30 30

= 20 20 | 20 f

10 i j L i 10 ; ; ; ; 10 i i i i
0 24 48 72 96 120 0O 24 48 72 96 120 O 24 48 72 96 120
time (h) time (h) time (h)

Figure 16. The time courses for the ambient temperature, the product temperature, and the estimated
temperatures of the products. The product initial temperature was the mean kinetic temperature of
the ambient temperature (46°C E = 99.3 kl/mol). (A) product 1. (B) product2. (C) product 3.

®: ambient temperature. ®: observed temperature of products. @: estimated temperature of products.

-4 -



52 IR MR Sy O R E M

F7 I (VBl) 2GS T 5ET VA (Table 2 pH3.4) % i3
WL, BNEEEORRLIWUERS, Thobb, REBTOBILHENKE
RPEIC AN D B (A1) T PRERIC AL BERS (2 K&
N3) AN, FEHFRESE (Fig. 1508 0VEL) IZRGFLEE ZOEME
My OEAFEZRELE. MEMRETH 2 EICKELLARICESEHR
L7 HEEE & i L7

FTFVOI, FERBEREICRFSINEZHLOREE TR HE R NT
A—=RTHDLBARISDIEMEALT R VX — %2 RO 7. Fig. 17 IZFREE
(40, 50, 57.5,65 LN 85C) IZfRfF L7c & & D VBl OFkfFROKRIELEA
ERLE. AERBRLAEVTAOREICE W TH T RO & R
D7uy MIBFARERBESLERL, BEEOREMZCITE— KKIGIC
WS & B b, Table 3 12 & I JE T D — K S 3 E E 2K (kovs) & #R T
FRIC B 2R EHRE () ZR L7z, Fig. 18 2R E O i — & St
EEHOT L= AT ey hE T, BIFARERESR (F=0.998) 2%
AL, KET VLS O VB 53 fif G OIEMEL = R L F —1% 99.3 kJ/mol,
BEN 71X 4.64%10° d' ThHotm. T, FHLO o 1F, T,
B 1 (ke=1.47h7"), 85 2 (k,=0.414h7") JHOHLE 3 (k,=0.145h71)
Thol., HHETITARBTOBEHENRE VEE (1 k' LLE) I2A
D, WMEOBRENKEEIZTERUCICAR 27 OIEERREE CTOYYL KL #E
BAERDDHDICHTEVAREEZEZE LR TCHERVWEEZXILND. ZHIZ
L, M2 3FRBIOBEBECEAPHOBEIRIZAL LD, R
BHE XK ICEBE L 2 b4, FEFRRE CoFY KRG #EE % K
DL OICITAREZEZET LI2LEND D .
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Table 2. Composition of the model formulation

Component Content (mg)
Thiamine nitrate (VB1) 4.37
Citric acid monohydrate 483

1mol/L Sodium hydroxide

: adequate amount
aqueous solution

Purified water total 50mL

40°C

In(C/Cy)
B

50°C
03 F 57.5°C
g5oc 65°C

-0.4
0 30 60 S0 120 150

time (d)

Figure 17. Active ingredient residual ratio (In(C/Cy)) versus
time at various temperatures (40, 50, 57.5, 65 and 85°C).
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Table 3. k. Values at various temperatures

temperature (°C) kobs (d™) r
85 1.57x 10" 0.999
65 1.93 %107 0.999
57.5 8.78 X 107 0.999
50 3.76 107 0.997
40 1.32% 107 0.995

0
In(k,,)=-11951/T+ 31.468
72 =0.998
]
Iy
=
A
s
i
-6
-8 " . F
0.0026 0.0028 0.0030 0.0032 0.0034

/T (K

Figure 18. Arrhenius plot of the pseudo-first-order reaction rate constant (k).

Wi, EFTNAVIFEERREEICRFLEZMES O VBl BAEERORKELELZ
Fig. 19 Z/r L7z, Mho®EIZEBWTYH, BEE 258 L 72 Y KO0 #E
EEENOHE SN VBl OEFERIT, EHE LR —HLE. oMK
SCHBBENAKIBICERT2EM LIZEBWTIE, BAEEEZEZEL 2V
RN EEER O OHE SN VBl OBFRL EHMEE —FH LT
. LML, eB/NhNES0nHEIF 2180 TIE, V2 ZEEFICTFHL
IR THEAMEEZIRELS 2oz, AR TOBYLHEN I HIT/NHhEI N

_27 -



B3 T, Bz E 2 EE L& VBl OFEAFRO T HME X FEHE 2 5
RESTEHE L2, THIE, o DPRIFEBICADEN 223 Tk, s
WE DN FROME A2 B D 76, iR EILR SR EICERIZITEBETE T,
WEEEOZEBENPEEREOZ#FRE LV /NS 20, ZoOo/E, U
B2ZREETICHEHLES G LV EREOEYRIEERERN NI ol b
EzbNn5b.

—
—_
o

110

110

9

ulm l@ l@

= 100 100 100

9 N ) 2

< 90 %0 } & 90 K é ¢
E 80 . sof o ¢ 80 o

- é o o
_5 70 70} 70

a[f;

60

. . . . . 60 . . . ’ . 50 . . . . .
20 40 60 80 100 120 O 20 40 60 80 100 120 O 20 40 60 80 100 120
time (d) time (d) time (d)

o

Figure 19. The time courses for the residual ratio of VBI under model non-isothermal condition. (A) product 1.
(B) product 2. (C) product 3. A: observed data. @: predicted data considering heat transfer. [1: predicted data
without considering heat transfer.

o T, ka NP RIFEI (k, 2% 0.001~1h") ICADRE %2 ESIRBREEIC
T LHHEICE, EERSYOZENREZHET D L TCERELZET D
VBRI D. —FH, e, PHPRBEKR XV /NS, 2o RFRHBRORGE
HEEREREOEZDN /NI VWG AT, BRaOBEBERG WO, "ol
FEIXERE LRGFERBIREICHRZND O T, EMEKD O %R ENE TR TG
BETC—BIREFEINTESGONMEENPNOHEST &N TED. L
L, MEOMREFHRBIRE CREBEOEZDHEICKE VWA,
m il T BREREICH 2> THRAICEKLT 50T, 2o iR EZA(2)
XV EHL, Zofxikic (3) ~ (5) ZHWTIEMERSS OLE
WEHETILERDD. 26 OFEETRGS O LT ORI R, #
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FEBEEORMBEE LEREREOED KRE S, RAEHBSEICL Y X E L
ZTHDT, 5%, TEMNRBRIBIENLETHLI EEZEZDOND.
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BO6E WBEE

EHIRERELHGEEOECI A EZEEL CHRNLNEEL2R
ML, ZORBIERE»SIEMERD OIS EEZ TR T 55770 51E
EERL, TOHFENEFREREICRFSAZREORENE THIZHH
THOHNENIZOWTRHRHF L.

XD, HllERZLETHFEE, ZOoFEEBICOVTHFERL
(2. RKWT, ZOTMHEDORT A —4%L LT IERHEHTOEE
ﬁ%(mJT# Wi L TEEb=xx V¥ — | OFEEMELE RIEL
. £, EBEOQERED «, DN OB T & o, OFPHIZ 0.001 2
%swf%é:& % < OIEHRBEIT Weibull DAL TR IR T
X5 L, EHLICEEBOEER T OERHALZRILE —I1XITLEAEDY
E 4205 126 kI/mol DFLIFHIZA > TWDH Z EEHOMNITLE(E 3 FE).

FEHERBEREICRMAINTZHLOBRE L LZEERICET 2B RNEE LT

, FHFEBREICRGFAINCHBOBEE T /NS WIFEREIRE & O
MEEN RE L, ZEEA/NI VW E (ko1 LD REVWGAITERERE
CHIEGREE, BIE—HT2) zRHE L. /&0 RGFEHSERENR
REREORMEYE R 5546, ®BIEEIXRMOKE L L ICHRFEHR
AT O ZEE ) b BREIRE O TN FEHIEENTEO LM P> TE
b+ WML, FESE (PR AF S LT A o 2 E M &
BBz BBt FICEHLEEYISHEER E 8L EE L TR
LIPS EEEE O R ZHEEICERLEHBR, o8 KEW» (1h!
b)) BHLLSBEFIT/NHIVHEETE R=1 (M58 % EZE L7 FHKIG

HWEEHE, BELAVWKIGEEELLFEL) CEWEEZ -7, Th
LTk, DHFREE T RIZ T XD /IS 20, ZoEmixEit=
ANF=PREL 28, FLERFHHPARS 2LBEETHL Z L &
R LT, 602, 25CHE M s X, «28 0.01 26 1 O T x, 28 /h
S BDE s FELS Y, ZoEMITEEEb X ALF =D REL D &
BHEICR D ERHLNCRoT (B 4E).
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EHENHIICHBE L TR AEEERICEVBRIEL /R, KFEE
HFERBERICRAFE SN B GO R 22 2 E %o ® 5 o 85 RE o 323
BE2TRHTL2LETCHESTOELZ EDRRINT. 6T, «, 2 M HEEIZ
AN G DGRy OFRAFROERMIL, B EZEZEE LRV THMMELE
FTREET D ERHLNICR -T2, 2O 25, «, 2 R EER O B
CADZEGLOREETHICIE, BMEEEZBZETILEOD D Z & NRE
St (F5=).

ULEX D, FEERBEEICETE SN ZEEOIEEKR S OLFEHRENE
TRT 2 ET, KRFEEIAEHTHLIEZEZOND.
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KW E 2 BT 22252 THEELERERERAUSH4 EIFHS
Rk, WA EFESER, Rt ERERES, Rt 727 00— a9 VB
FAREENNMAT L, Rt ALT7 AT 07— a B FEFZE T H )1 Z
ik, RAXtE b7 R P FRIGH R T HHPATHE, RERERNZ
HERNREABEM T ERRE TERICERERIEHOEZRL £7.

AW ZRATT HICYT-0, RETHEEE ZHiEL2HY £ L2 2ER
Ry REZAE L (B, FRFPARELR, KIE SR AR #& A B 58 oF 52
BFHHERE, AFEEHUKR -7 V-7 ~F2 =T v —ICRS KHHF L
R ET.

Flo, KRB LD 2B LBz EL, EARFEL, &

R IE R NS AR B D8 E £ L2 BARE RIS LTl & &
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RBROE

1. ABTBIEEER (F3E F1HOER)

SEOMKMME (A,BEKWYC) &EFLHEEG D, KO Table 2 IZ 2 #
DWEWRET T AFBICKELEZLO, WRIZ, 26 E2 I HIZ2KRAEH OK
HELIEIRBEATFr—LOFH) AN (B 28X 03) 20 E
BREICHE L (EIEEEA : CH33-13P; T4 /A4 = ), B
B R E A RIS E L GREE - TX10-02 (FE3 &
)) KO, vy—F L a—F—RT-13 (= AxAXv 7 I v7 (FR)). B
ERIIRE O EZO R AR ICX LT vy ML, 5572 HER
20 RBNTOBILHE (k) 2RO
"im AT AHAD 100 mL di R NARIEA (RIE-EE, 2o U o

FTI AT 2 A FEEWENRD ETLHBEN T T AR (EE 46

mm, &S 122 mm) ICHRES b D)

By B A AY HIRNIREEA (RE®RE, 7T 7 I 7=,
THRANF L DT 2 F e FERTET DR 45N> TN
7 A2 (E A& 39 mm, & & 68 mm) 28 10 KA - 72 (£ & 207mm,

B 88mm, = & 98mm))

B C B A D 10 KA KA
(RKRE®IE, £ X 230 mm, E 94 mm, & & 122 mm)

B D B A D 3 AN KAV
(£ & 234 mm, §§ 244 mm, & & 269mm O FEWAF o — LH-OF)

B 1 Table 2 AL # D IAWE A 100 mL B S iz 4 7 2k
(E £ 46 mm, & & 122 mm)

RS2 RG2S 10 KA o 72 A
(F & 230 mm, & 94 mm, & & 122 mm)

B3 B 1A 3R AN W B
(F & 234 mm, & 244 mm, & & 269mm O FHigAF o — L& O )
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D 5
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2. WGEE (B5%E F1HOER)

LA, B, CELOUODIZDOWTILFig. TAIC/R LTEET VEREREOKRY
WLz, #1256 31820 TCIEFig. ISR LT T VEREREOKEY

WL, ZRERFEL (EEMEEMA . CH33-13P; -7 /%4 = R),
F OB O IR A R R A IC B E L7z (IR EESE @ TX10-02 (B B (#K))
kO, ¥y—F b a—F—RT-13 (= A~y 27 I v 7 (K)). tk, BEE
LB, B2 KB CTHREDREE TMELZZESLICHKB L, AR
“THRIZELICHA L .

3. BRSO REME (BE5FE F2HDER)

3-1. ¥
EMHERSELTF T I Uk (HARREFT&m) 2HWwWizc., oo
MEE L LT, 7o UK (BHAEFT &), 1 mol/L KEE{LT VU ¥
LR (RESHM, FeH#E), Y7 = bv NI I U HEBRE (BAER
Ji), Vv (R, FeHtidE), U T b U T A (KR, Rt RiER),
RTZ v r U v s (SDS, —ifk, feHizE), * %/ —/n (HPLC
M, FoEaiER) 2 v,

3-2. BTN L AERR

FTEEDOTFT I Uk (VBL) & 7 = UK & K BLUK IR L
A T mol/LAKEEMLT MU U AWK AZMA T pH34ICHEL, Z0OM
% (Table2 ZH) OFEHE (RABEIET) 2T 7 AMICKE L. ZThb
DHTAREIDIZ2REM(BEBEELETREAT = LOFH)IZ AN,
RH T OBPR R & IEEEBRE COIRMER S O ENEFEM L 2. 5N
o OZEREFHFMLEZMSETEROLIICHEHLEZHL LI NS 3 ThH
5.

B 1 : Table 2 FEH O WA 100 mL BE I 724 7 A

(B £ 46 mm, & & 122 mm)
B2 RG2S 10 KA o 72 HEAE
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(£ X 230 mm, 1% 94 mm, &= S 122 mm)
w3 s mLE ] N 3R A o T W B
(£ & 234 mm, 18 244 mm, 5 & 269mm O3 A F o — L8 o F)

3-3. AR R

T A LX—DOFEHOEDICHT T AW Lk %2 SRR
(85,65,57.5,50 N 40°C) AT EREMMBRELEZE, HHERYDOEEE
iTole. 70, FERBEEICRFINTCHEICEHE ENDTEMK D OLE
PEEFEMT 2729, Fig. 1SR TETAVIEERREOKR YKL (HIEME
A% . CH33-13P; T H /A = X)) IC®i 1056 3 %KRGFL, REGH
(y—F L a—X—RT-13; = AXv 7 I v 7 (%)) # HWTRHREHEE D
R b 2 W ET 5 & & bIT, P& R IR A7 % OB OV MR 5y D E
BEiTo7. vk, REFZAHERIE, A 2K CHHEDIRE E TR
Lcth, EHIZHHBL, RBRE THRIZIEDLICHA L.

3-4. JEMERL G D E Bk

AE25mL &2 20mL A A7 T A THBL, THICHEBIERERK (¥
7ol b RT7IUHEBE S00mg AR (K/A X 7 — /Y VBRIEA K
(800:200:1)) 200 mL IZ¥&EM L 7= D) 2mL &0 %, A K TIEHMEIC
20mL & L7 % ®% HPLC (HPLC > A7 A : i LC-2010CHT, HH :
260 nm, B 7 T A :TSKgel ODS 80 Ts(4.6 ¢ x150 mm TOSO), B 7 A
W 50 C, Wl : A% /7 —/L/0.02M U »FeiE @K (pH 3.0) /SDS &
AR (620 : 380 : 5 (V/V/W)), P : 1.2 mL/min, ¥ A& : 10 pL)
kv EE L., WERE - EIZ 2N T3 E#EY KL .

4. #E

BR B R BE O R RFZE K & Weibull 43 A BI# Tz L3 5 FF 51X Origin Ver.
6.1 (OriginLab Corp., Northampton, MA, U.S.A)IZC XV iT~-7=. X (2)
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WA GBEECHESCK (5) L2 EBHRICHEEDHER LY, 0
flh D EFF % 1L Excel 2003 (v A4 27 a2V 7 ~) ZHWTIToT-.
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