AR S ()

E B AIFEAR 22 W Tk 1 &R 54550 oo

B Y AT TR ARX L NOFHHRFE

Novel approach to optimizing quality risk assessment of

solid oral dosage forms using quantitative parameters

2020 4= 9 H
BERRFRFGE EFE5eE
T e g
3 ) BAL

£79;: JGINE

Hirotaka Ando



SR/

B SE U 2 B ettt ettt h ettt ettt ettt ees 1
B RE U R R ettt h e h bttt ettt n ettt eee e 2
FF B +vev et et es ettt et sttt et h ettt h ke h et et es koAt E et R Rtk ekt et R et s st e ks st e et sttt en e e 3
1R R LRSI D IERIE L ARATEE DR oo, 7
R =SSOSR 7
2. BEBRAEREL ottt 9

3 A R B T B B e 13
3 L. DT D B A T S oo 13

3.2 IGC & H W TEFEAMI TTUE oo 18
3.3, EHRIOHEITEIZBE G T2 CMA DFEDR o 24
3.4, TERLEE EARHTEE DFEZE oo 30
B R oottt ettt ettt ettt ae ettt r ettt reereeneens 35
F2E O IRANESG LRERIZBT DI DT oo, 36
L B B oottt ettt ettt ettt ettt ens 36
2. BEBRAERBE et 37

B A R T TR e 38
3 L. DT D B A TS oo 38

3.2, IGC Z HWTZFEAI TAE oo 42
3.2.1. SFEATTEH U TZFFAM oo 42
322, B-REEANT A—F —IZHEHR UT2REM o 46
323, AT 4 v F TG TS CMA DOFEZE o 48
330 THIBEDEEZE oo 50
B A R cee e e, 57
B g oottt ettt ettt ettt 58

1. IGC Z T2 ZREIME D FEAI oo 60
2 BRI ME D B AT oo, 63



300 BEAVRFMEDTEAI Looeoei e
FITHITIR ottt



XY R K

Kk, FHMEC RSN ROR L2 EBL T2 L0 TH D,

B E SR TR R DR &ARMTEE O FE Al

Ando, H., Nozaki, Y., Sato, K., Dohi, M., Hakomori, T., Yonemochi, E., 2020. Novel

approach to evaluating granulation and segregation level considering the contribution of

hydroxypropyl cellulose to the surface property change of granules. Int. J. Pharm. 581,

https://doi.org/10.1016/j.ijpharm.2020.119254.

2w WIRFIES LRIZB T 2 IR E O

Ando, H., Hara, Y., Sato, K., Dohi, M., Hakomori, T., Yonemochi, E., 2020. New approach to
optimizing risk management of the sticking problem using scale-independent critical material
attributes and the quantitative process parameter. Int. J. Pharm. 577,

https://doi.org/10.1016/j.ijpharm.2020.119032.



https://doi.org/10.1016/j.ijpharm.2020.119254
https://doi.org/10.1016/j.ijpharm.2020.119032

BEEE Y A b

A L TIELLT Ol 5 2 FHv Tz,

API: Active pharmaceutical ingredient
CMA: Critical material attribute

FID: Flame ionization detector

HPLC: High performance liquid chromatography
HPC: Hydroxypropyl cellulose

HPMC: Hydroxypropyl methylcellulose
IGC: Inverse gas chromatography

L/S ratio: Liquid to solid ratio

MgSt: Magnesium stearate

PSD: Particle size distribution

SEM: Scanning electron microscope
AGyp: Specific free energy of adsorption
SFE: Surface free energy
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Table 1 Typical operation steps for solid oral dosage forms. ¥

Operation step

Unit operation

Equipment classification

Operating Principle

1. Particle size
reduction of API

The mechanical process of
breaking particles into smaller
pieces.

Fluid energy mill

Particles are reduced in size as a result of high-speed
particle-to-particle impact and/or attrition; also known as
micronizing.

Impact mull

Particles are reduced in size by high-speed mechanical
impact or impact with other particles; also known as milling,
pulverizing, or comminuting.

2. Wet granulation

The process of creating granules.
The powder morphology 1s
modified through the use of a
liquid that causes particles to bind
through capillary forces.

Wet High-Shear Granulator

Powder densification and/or agglomeration by the
incorporation of a granulation fluid into the powder with
high-power-per-unit mass, through rotating high-shear forces.

Fluid Bed Granulator

Powder densification and/or agglomeration with little or no
shear by direct granulation fluid atomization and
impingement on solids, while suspended by a controlled gas
stream, with simultaneous drying.

3. Blending with
lubricant, e.g.,
magnesium stearate

The reorientation of particles
relative to one another in order to
achieve uniformity.

Diffusion Mixer

Particles are reoriented in relation to one another when they
are placed in random motion.

of material on or around a solid
dosage form.

(lubrication)

4. Compression The division of a powder blend Tablet press The division of a powder blend in which compression force
into uniform single portions for 1s applied to form a single unit dose.
delivery to patients.

5. Coating The uniform deposition of a layer Pan coating The uniform deposition of coating material onto the surface

of a solid dosage form, or component thereof, while being
translated via a rotating vessel.
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ANTG A —=Z—IZFR L@ LROKESLCERICET 2METIINETITHH D 1D
W, LR, 7aEANTA—F =2 X=X LT a2 ERETH56., EH
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Liquid binder addition

Granulating bowl —

Fig.2 Schematic view of a typical high shear granulator.
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2. ERAB

AL TIL, Table 2 K O Table 3 IR T ALS7 & IERIRFIZHEVY, /AT —L (6.8 kg A
=) LRAT— (108kg A7 —)V) ORRDHERA 7 — L THREZF- Lz, 7
Z ARkl (Sample A, Sample B }2 OX Sample C) (22T, Table 3 (Z/R T @RI SEIC
fit> T, WA TH 2 lactose monohydrate (Pharmatose®™ 200M, DFE Pharma, LT
Lactose &%), #EAFHIT&H 5 hydroxypropyl cellulose (HPC-L. Nippon Soda Co. Ltd., LA
T HPC &4 %,), WA TH D microcrystalline cellulose (CEOLUS® PH 101, Asahi Kasei
Corp. LLF MCC &9 %,). HisEHAITd % low-substituted hydroxypropyl cellulose (LH-21,
Shin-Etsu Chemical Co., Ltd., LA L-HPC &3 %,) ZmdfeEhii (& 250 6 L<
13400 L) Z MW Tk L7, &k, FMRBED 1.0%L FIZ72 % % Tl g i jpk <z
ML PRI CRORL U 7o &R R O My R PE R IGC & W e R & 514l L 72, ARWF
FICHWT, B2 LS (BMEICHT2/EEAEOL) ORGEIR FRK) TER
5HZ LT, EROMETEOBE DD ER R RFESMET ROV T Lz, £/2, &
RIS DE WS EE R BAREHEO — D> Th HEMIEICE X 5B EFMT 2512, L&Y
A (Astellas Pharma Inc.) % & e 5338 (Sample #1, Sample #2 K& UY Sample #3) % 7
L7z, Table 1 IZ/R"F @Y . APl 2 & T EIEHEHL, MIZ A TdH 5 lactose monohydrate

(Pharmatose® 200M, DFE Pharma) O — &b A A TEEMZ 2L TH Y | AR
S Table 2 IR T 7 7 B ARRE & A2 FiE TR L7,

FIBTdH D Sample #1. Sample #2 K& ¥ Sample #3 (22 Cik, 15 5 7= &R BERLIZ
FREA . AAEEAL, WmIRFZ Mz TRA Lictk, MHEFZ AW TERSNE (FEHE = @ 450
mg, FEFIEHA : 5.00 mm) THIE L72th. HPMC X—ADa—F 4 V' J K| T7 4 Vb=

—T 47 Uiz, £, BT OMHKET—EMHIRE % (Sample #1 & sample



#2 : 30°C75%RH 454 FC 4 ], Sample #3 : 40 °C75%RH 54 T T 4 8M) OEHMED

FEAL L 7=,
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Table 2 Formulation of study sample.

Material %

Placebo Active

Sample Sample
Compound A 0 31
Lactose monohydrate (Lactose) 80 49
Hydroxypropyl cellulose (HPC) 3 3
Microcrystalline cellulose (MCC) 6 6
Low-substituted hydroxypropyl cellulose (L-HPC) 11 11
Total 100 100

11




Table 3 Target granulation conditions.

Condition 1

Condition 2

Condition 3

Sample lot number A: Placebo B: Placebo C: Placebo
#1: Active #2: Active #3: Active
Scale of high shear 25L 25L 400 L
granulator
Granulation scale 6.8 kg 6.8 kg 108 kg
Impeller speed 180 rpm 180 rpm 106 rpm
Liquid to Solid ratio 24.7 % 36.4 % 24.7%
(L/S ratio)
Water addition rate 7.3 %/min 7.3 %/min 7.3 %/min
Total granulation time 4.4 min 6 min 4.4 min
(Water addition time) (3.4 min) (5 min) (3.4 min)

12




3. WRRUVEZE
3.1, fEROFM S IE

ERL A — VN 6.8 kg DIFAITE VT, L/S 722 5 TG K CTH 5 Sample #1 &
Sample #2 D 7 4 ) A a—TF 4 > 7 EEZ MBS T CHRE LR, ERRFO L/S n
36.4 % Cd 5 Sample #2 DIEHHE X, L/S LA 24.7 % T&H 5 Sample #1 L 0 E< | HE
TRERICIIAERRZ M4 WHEBENR O b (Fig. 3) .

Sample #1 & Sample #2 O 1ERLERL DKL 5340 % Fig.d 1T, L/S Y 24.7%0 Sample
#1 ORLE Sy A1 L/S Le S 36.4% Sample #2 & fb#g L C/h &< L/S b EWIC X 0 &k
DEATORRENRE 2D Z L &R LTz, FigSIZnd@b0 ., ZORESAORERO I, &
RLHIC BT DRI D A T — (28 2 ARTETE O 2/ 2Y Sample #2 D TR E W &
WO E b — B LTz,

Sample #1 & Sample #2 O 1E R HERL O KL R E =E O R % Fig.6 127, L/SHIZE -
CRLE B E B DAF A 23 B 72 o 7=, 75um pass O 57 B O E BB IZIE V2GR O H AL, L/S
KX\ Sample #2 O J5 BN Wi O E BB DO EALRN /NS Do Tz, — 57T, @k R 2 i O
N2 E LI 25 (Fig7) . LIS lDEWIC &k 2 ki fEk 3 1 o RBIC A L 2 RS

HZEiITE Lo,
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120
—@— Sample #1

(Condition 1,
L/S: 24.7%)
Initial

- © =Sample #1
(Condition 1,
L/S: 24.7%)
After 4 weeks

—l— Sample #2
(Condition 2,
L/S: 36.4%)
Initial

— B = Sample #2
(Condition 2,
L/S: 36.4%)
After 4 weeks

100

Dissolution (%)
IN o o
) S )

[\
(=]

40

Time (min)

Fig.3  Dissolution profile of Sample #1 and Sample #2 stored for 4 weeks under high

humidity conditions (30 °C75%RH). Average, n=6.

—@— Sample #1
(Condition 1,
L/S: 24.7%)

== =-Sample #2
(Condition 2,
L/S: 36.4%)

Fig.4  Particle size distribution of granulated Sample #1 and Sample #2. Sample #1, L/S

ratio: 24.7%; Sample #2, L/S ratio: 36.4%.

14



I

jos —@— Sample #1
/s (Condition 1,
L/S: 24.7%)

G;-*_./‘_._. ——e—-Samp]e #2

(Condition 2,

Impeller current (A)
(@) D | : oo W O
\\

6. L/S: 36.4%)
& > $ & &> &
Q® \‘& ’\/& "’J& b&\\ 0\‘5\\
> {bﬂ\
\é Qé
& 60‘*
o S
& ¢

Fig.5  Profile of impeller current during granulation of Sample #1 and Sample #2. Sample

#1, L/S ratio: 24.7%; Sample #2, L/S ratio: 36.4%.

140
120
100
S —&— Sample #1
é‘ (Condition 1,
g 60 L/S: 24.7%)
40 ==G=-Sample #2
20 (Condition 2,
L/S: 36.4%)
0

75um 75pm  150pm 250pum 400pum
pass on on on on

Fig.6  Sieve cut assay of granulated Sample #1 and Sample #2. Sample #1, L/S ratio:

24.7%; Sample #2, L/S ratio: 36.4%. Average, n=2.
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(A)

400pm on (> 100) T 250pm on ( X 150) 150pm on { X 300)

1 75pm on ( % 500)

(B)

400pm on ( % 100) 250pm on ( X 150) T 150pm on ( X 300)

75pm pass (% 1000)

Fig.7 SEM image of samples at different sieve sizes. (A) Sample #1, L/S ratio: 24.7%; (B)

Sample #2, L/S ratio: 36.4%.
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Fig.5 T/RL72I8Y | ER ISR ERI R 2 T 5 4 T —IZ#H D AR ORE
EE=ZVCTTHILE, BROETEZE=2Y v 7T2552THMNRFTETHS
B, LhLanb, 7rEANRTIA—F—ThHILA L XT—~DAMELXE=4) 7
THZ L THROEITEL LK T2 ENTETH, EREFOZE(LNER R O XY
PICED L DB E G X0 ERIAT L2 LIXFS TIEW, Fo, B O
XA ANRERR 56, RBEADO T 0 ANRTA—L—=THDLHA T —~DARMIE
DHTHET D Z LT LW,

ERLOMEITIREE D 2 Z TN T 2356 . SRR O KL 45 A7 O FEAMILIE & I i 8 <A H
BHETHD, LML 6, BRRLE X, TR OBEMNEIE RN T 2113+ 0 8 B
LIS A, 72, Fig6 ([Z-T#Y | API ORI JERIE & 25425 2 & T, EhiE
K PE DRIT 2 5F M3 2 2 E N TE A MREHRZ/TL Z LB TE 20, EEORMA X
D RERL S 2 ERIERL O MR L R R IR B OLEME + I TETWD L IEF AR
Vo B0 T YRR B A R T D 2 I, ERIERI R O R R & T B IS RE AR

THZLNTEHHRERLELEZZOND,
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3.2.1GC % i\ T §F4f 5 ¥

FEGA B (Sample #1 & Sample #2) & [FERIC L/S b2 2B b S 727 7 B ARRE O
Sample A (L/S kb : 24.7%) & Sample B (L/S It : 36.4%) KL /34 % Fig.8 [Z/x3, 3
B & FIAEE (Figd) . 77 B RREHIB W TH LIS R REWVITERENRKEL o
726

Fig.9 {2 Sample A & Sample B ® SFE D43 Bk 7 & WM DFERZRT, EH 60
BHZ B W T HHMER Y &l L T O T AR E 7278, LIS e DiEWIT X 2 5308
1D SFE IZEWITFR O b no T,

YKz, Sample A & Sample B 0 WRIERL & %72 2 H B % O fF THERI L 7 BLEE R 0 30k o
SFE D /3 ik 4y & Mt a2y O #& B % Fig.10 (2789, SFE O3 By (I IR E & L/S He &
WIZ XD EIFRO DN o Tz, —J7 T, SFE OB Tk, K& VRLE O 55 DR
BED J7 3B MR DEN K Z <, Sample A KV & L/S tEAY K &\ Sample B @ J7 23 4 43 ]
DM PR EDN ST, TNUOORREIY | ERNETT 22 & T, SRR R IO
SFE D RRVER Sy 23 EIN$ 2 Z E BB Lo Tz,

Fig.9 IZB W T, RIEIC X DERBIRTO L/S LN B2 2 306D SFE IZE WSRO DAL 7e i
S7-HME LT, IGCIZ X 2B £ O SFE O ) ORI L 2 AlREERE 2 b
%o ABFFEICH T D IGC DRERMEORIZ, F7 0 —T WX 2 BRAFFARE T THEAL
THIE LSS, NFHEOFR TEHZR AL —HREZ BT 2R HL L VI REDD D
D, G- T, GWHEERL ORRICR R D2 KW EH T 58— EROEEERDOEE .
BRI DR E SFEOREDOHEMIETREZ DB L TRl 2 2 & T, R~ Emitz

AT oRBloRmE WML LV #EENIC IGC TR TE 5 LB 2 bz,
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30
25
£ 20 —e— Sample A
) (Condition 1,
215 L/S: 24.7%)
10 -=G--Sample B
(Condition 2,
5 L/S: 36.4%)
0

75pum 75pum 150pm 250pum 500pum
pass  on on on on

Fig.8  Particle size distribution of granulated Sample A and Sample B. Sample A, L/S

ratio: 24.7%; Sample B, L/S ratio: 36.4%.

33.6 32.9
I ! I I211

2 B
[e) o

SFE (mJ/m?)
[\
o

10
0
Sample A Sample B
(Condition 1, L/S: (Condition 2, L/S:
24.7%) 36.4%)

m Dispersive M Polar

Fig.9 Dispersive SFE and polar SFE in Sample A and Sample B. Sample A, L/S ratio:

24.7%; Sample B, L/S ratio: 36.4%. Average + standard deviation, n=3.

19



(A)

NN W
w O

—@— Sample A
(Condition 1,
L/S: 24.7%)

--G--Sample B
(Condition 2,

SFE, Dispersive (mJ/m?)
o8

10 L/S: 36.4%)
5
0
75um  75pum  150pm 250pm 500um
pass  on on on on
(B)
40
35
~30
£
E 25 ’/—@'“"'@ —&— Sample A
T 20 P S 4 (Condition 1,
g - L/S: 24.7%)
:ﬁ 15 -=@=-Sample B
= (Condition 2,
10 . 0
L/S: 36.4%)
5
0

75um - 75pm 150pm 250pm  500pum
pass on on on on

Fig.10 Dispersive SFE (A) and polar SFE (B) of sieved Sample A and sieved Sample B.

Sample A, L/S ratio: 24.7%; Sample B, L/S ratio: 36.4%. Average * standard

deviation, n=2.
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B FEENA L . Sample A & Sample B (2 VW72 R INA] % Table 2 120t > 72 LR CTIRE T
TR L 7R A 5 (physical mixture) & | ERIJEAL (Sample A & Sample B) @ SFE @
OB Gy & MR R Y 2 BEA L 72 RS R A Figl 11 (ICRd, WELR A &L O SFE Ok &t
LT, ERLE OMIER Sy DR KR E N -To, TORRIT, ERAEITT 2 2 & TERE
Wi O SFE O MRy 23 HE I L 7= /5 & (Fig.10) & —%F L7, £7=, fEAITH D HPC
® SFE DRRMERR 53 D3 0 Bk sr E I L TR E Molo 2 e X0 | R TRZKH Z &I X
L WM Sy DG INZ HPC OB 5- O fREYVENN R S vz, £ 72, SFE O MRYERL Sy D ¥,
Mtz "9 OH B & A+ 5 HPC Z & 1ol Bl - I #RIERIIE CTERL L 72355812, SFE O ik
Ay S BN L 7= & 45 U 72 Furudate S OFER EH —FH L TV 5 16,

Cai BIX ', HPC LKL, FERITREE . ORI OV HME & W o 7o R R 1% D 2212 K
EREEEM S TRV, EEEPEREIC X 2 EREED HPC O EMEIEE O W SR Y

PEOEAICHEEZRIFT EEELTWSD, AFZETIE. LISEZ22{bs85 2 & TERO

15

EATORE 222 & & TRkl L7z, RERIC, HAER& OMB)E @I L o8B TR T

=)
0

—EDFEIRBIZET 2 £ TORFM ALK 5 &, L/S 23SV Sample B (L/S H -
36.4%) D JiHs Sample A (L/S kb : 24.7%) LV v EN->7c, LLARDBG, Fig8 -
WY G EE R R A W T R OB 2 O iR AR TH L L/S AR E W Sample B
DI DOFERKLEEN R E o 7c, ZO/MIX, ERLH O HPC O 53 BUR 8 00 W 28 BRI &
U< IZERIN O FE AR ICHE R LR Z2 R T, 6o T, WRIERLO XMW I/FIET D
HPC O A mm T 2 2 &%, EROETRELZFMT 2 ETIHFICHEM LRI
Do

Hasegawa H 1% ' HPC # 5 A L CW D EEAIZINE T CRE L2 ORERR~D

HPC OB 5 DA HEMEIC DWW TE L L T\ 5, Hasegawa HiE, WIRIZ X D EEAI~DKDIR
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P2 LY HPC S EEAIM LN TR LIRIZIRE DN S D 2 L T, AN~ KDR
BRIHNSND Z LT R DHENBIE Sz & X, e T TR LEZEAORERR
(ZRLTT RSy o0 HPC 23B 5-9 % algetEld, ABFZE T H 80 6 NI HIEE 2 & HPC D%y
BORREDS B 59 2 ATREME 2 KR T2 b D TH 5,

LLE R0 B ES A B o S AR ME I B 59 2 WS IN A 0 3 s JECRL 3R 18 12 B80T B 7R TE
WHEA BGET 5 2 & id, RRBA O RERIELZ ZERT D2 HICHEFICERENI DD EEZON

7~
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()

M Lactose
70 *
60 & MCC
sice i Binder
50 \kPhysmal mixture L-HPC

k @ Granule 7 HPC

SFE, Dispersive (mJ/m?)
~
S

30
20 X Physical mixture
10
@ Sample A
0 (Condition 1, L/S: 24.7%)
0 10 20 30 40 50 60 70 80
) + Sample B
SFE, Polar (mJ/m?) (Condition 2, L/S: 36.4%)

Fig.11 Change of dispersive SFE (A) and polar SFE (B) in each step from physical mixture
of each excipient to granulated sample. Each excipient (Average, n=2); physical
mixture, mixture of lactose, MCC, L-HPC and HPC with the ratios shown in Table 2

(Average, n=2); Sample A, L/S ratio: 24.7% (Average, n=3); Sample B, L/S ratio:

36.4% (Average, n=3).
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33. BROETEICEET S CMA DR

AT D@ Y | ERDRAE OHEIT IV, PRI R 0 O Be-H L FH B AEH Td 5 SFE Ok

SNEAL LT Z &6 SFE O 4y 0 F I W 7 fiE 7 o — 7 0 specific free
energy of adsorption (AGs,) DEAL % KFE L 7=, SFE OISy O % I L 7= &3k

(Fig 11 IZR LB ERIL) 2BWT, BRI OZRIETHD Lewis BB TH 5
chloroform & & % Ot 5K TdH % Lewis HiFE TH 5 ethyl acetate D AGy, & Fhik L 72 f5 #
% Fig.12 IZ7: 3, HPC {28\ T, ethyl acetate O AG,1Z%F 3 5 chloroform @ AGg, D E| &
E, MLOWRINA & L CTREhrole, £, MERAM S L T, B LRICED
chloroform @ AG, WIEEMT 2 Z ENHAL N LR o7, ZNDORRELY . &R OEITIZ
PRV ERL R 2% 17 @O SFE DR Rk 43 23 H9 M L 72 D 1X chloroform @ AG, DEALIZ L D H D
T, ZOEALIZHPC RELG L TWDH T ERRBEINT,

Fig.13 {21, 6.8kg A& — /L Ci&EHkL L 7= Sample A & Sample B {Z/N % T, 108 kg X 7 —
JUCIERL L 72 Sample C D454 B il L 72 #8582 D chloroform @ AGsp, #7779, Sample A
& Sample B O#E R OB A 1L, Fig.10 (B) (278 L 7= SFE O MRMERL 5y OFEF o m) & APl L
oo ZORERIX, Fig.1l KO Fig.12 TR L7V | ERLOBEATITE O ERL KL O SFE O
FRPERL 53 & Chloroform @ AGs, ®DZE{LIZ HPC BRHFH L TWAH I L2 HFFTHHDOTH
b. £io, WERLA S — VTR DM LS AFE U 24.7% T 5 Sample A & Sample C @
chloroform @ AGg, DREANIFALL L Tz, 1> T, ERFERLIZI T D chloroform @ AGy,
7 IGC TR+ 2 2 & T, ER A7 —ANRR L B OLAEICE N TE, HPC D48k

BBIZAE R LG RmMIEO Rz i TE 52 2R T 2 & TE e (Fig.14),

[Y

Fo, 77 AREAETH D Sample B (L/S kb : 36.4%) @ chloroform @ AGs, 2% Sample

A (L/SLtE :247%) LV b REN-7=ZEDD (Fig13) . 77 R E Sample B DA
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Ll 5 TRl U L/S b 36.4% CTall i U 72 FE3EF0EE O Sample #2 O B AR B % 1 9 ¥ H BT I
(Fig.3) . @HRIERI R FIZ HPC 2338 EE 12 /0 8 L 72 E 7o @ Rk B8 (over-granulation)
NRKRTH D EHEZET S, 512, Sample #1 & [6 U L/S b 24.7% TiERL A &7 — L S 72

% Sample #3 OIS T CRE % OB MO R %Z Fig. 15 IZ/RT A, L/S A FE U
24.7%® Sample #1 & [A4E. Sample #3 ICB W T HIFHEBEIRB D bR olz, ZORR
%, Fig.13 OFER2Z/RT B Y . Sample #1 & Sample #3 DL T O 7 Z7 ERHAE TH 5
Sample A & Sample C @ chloroform ® AGs, DEB AR T Th-o7zZ & & —&K L7z,

PLEX Y, RIFF CTHAE L 72 HPC % & L3 EHI 3B T, chloroform @ AGs, ILi&E Rk E
DIVARIZTEARAY MCHRBREBECH L LR T I ENTERZ &0 5, chloroform

D AGg Z ERLOHEITIZE ST 2 CMA & LT,
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O e —
(O SN e e ]

AGsp (kJ/mol)
=)

S NN b N

Lactose L-HPC HPC Phys1ca1 Sample A Sample B
mixture (Condition (Condition

1, L/S: 2, L/S:

24.7%)  36.4%)

m Chloroform ™ Ethyl acetate

Fig.12 Comparison of the AGsp of chloroform and ethyl acetate in each excipient,
physical mixture of each excipient and granulated sample. Each excipient
(Average = standard deviation, n=2); Physical mixture, mixture of lactose
monohydrate, MCC, L-HPC and HPC with the ratio shown in Table 2 (Average +
standard deviation, n=2); Sample A, L/S ratio: 24.7% (Average + standard

deviation, n=3); Sample B, L/S ratio: 36.4% (Average + standard deviation, n=3).
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Z P ¢ . A

=5 - — —e&— Sample A

TEJ - /__// (Condition 1,
85 4 o L/S: 247%)
% Sampl.e.B
=3 (Condition 2,
o L/S: 36.4%)
22 Sample C

3 (Condition 3,
<

—_—

L/S: 24.7%)

(=]

75um  75pum  150pm 250pm 500um
pass on on on on

Fig.13 A Gsp of chloroform in sieved Sample A, Sample B and sieved Sample C. Sample A,
L/S ratio: 24.7%; Sample B, L/S ratio: 36.4%; Sample C, L/S ratio: 24.7%. Average

+ standard deviation, n=2.
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Physical mixture

Progress of granulation

sranulati Ga ‘ ol b
Gt mulmunl %& > S/E > @d%‘) —)
OO ®

Granulated sample

Fig.14  Detection of the contribution level of HPC in granulated sample to the granulation

progress by analysis of the AGsp of chloroform by IGC.
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L/S: 24.7%)
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20

0
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Fig.15 Dissolution profile of Sample #3 stored for 4 weeks under high humidity conditions

(40 °C75%RH). Average, n=6.
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34. ERELREFEORSE

AR OI@ Y | chloroform @ AGs, TR OHEITIREZFEMT 5 Z &N TE /2, £ T,
chloroform @ AG, DZAKIZE B LT, MEIRG & O REWMED b 8RR O K 14 1~

DIAL % ERLE  (granulation level) & EF L7, F7-. chloroform ® AG, DZALIZHE H
L7 @ERDRRE DR ) OFLEE Z AT (segregation level) & EF L 7=,

LTI RLE Oy B 350 B ki iE GERLE 0 Ai) ORI EZ R+, HPC IZxI 9
% chloroform @ AGsp, (11.23 kJ/mol) Z EHRLEE O KfE (100 %) & LT, ®WIEESMIC
*f4 % chloroform ™ AGg, (2.32 kJ/mol) Z &R D f/ME (0%) & LT, EhUREL E

EEL7, 600, BoEICEHER LR ORI EEIC, &5y 030k DR 53 4 o & b

ZHTEDLET, HFoEOMELT R LADEEZ R RIKOERIE &L ER LT,

RSy (B BN 3610 2 ki) D% 0

Granulation level of sieved sample (G) (%)

= (AGsp Test sample (sieved) 'AGsp Physical mixture) / (AGsp HPC 'AGsp Physical mixture) X 100

AGsp Test sample (sieved) - *ﬁgéb\@%ﬁj\@@%*ﬁ'& ‘/70/]/§: i‘j‘—g—é chloroform ™ AGsp
AGyp Physical mixture © PVERIR A A0 IZ5% 3 % chloroform @ AGs, (2.32 kJ/mol)

AGsp nec @ HPC (2%} 9 % chloroform @ AGs, (11.23 kJ/mol)
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iR o B

Granulation level ((_}) (%)

= 2 ((AGsp Test sample (sieved) 'AGsp Physical mixturc) / (AGsp HPC 'AGsp Physical mixturc) X W)/ Z

W
S (GXW)/ W
G : RLEEWVORHEIZE T 5ERE  (Granulation level of sieved sample) (%)

W: R EEONOSSEICBITS2EEL (%)

Thiel S 1% 19, RIEERI D APT D& &% & SRR ORLE S AT O E &L SR T 5
De-mixing potential (DP%) Z#EZE L. A¥— 72K HAERK S 4 5 &R FRLICFIET 5
API DIRITOREZFHM L 7=, Z 2 TlE, FESMOESHOBEEOESGZ W (%) . &

SHEIZEIT A APIDE &%% P (%) Tmrd,

De-mixing potential @ & H =

DP% =100/ P X (Z(W/100 X(P - P)?2)

P= X(PXW)/ W

AT DR HIZ DWW TIE, Thiel 5 2342% L 72 de-mixing potential (DP%)D % . % hix H
L. APIORATICHE BT 20 Tk < &R ORAICTFEL TW D HPCIZHEET S

KEREORATICHE B Lz,
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TR AT E D B H o 2

Segregation level (%)

100/ G Xy (2 (W/100 X(G - G)?)

Fig.16 |Z Sample A, Sample B }2 T} Sample C O K7 454 2 =97, #l S O 1T,
Fig.13 |Z7% L 7= Chloroform @ AGs, EFBI L TV A2, WEREZHH T2 & T, TEN
IRARIE AT D L TE -, FRBOERLE O L ORER % Fig. 17 1[Z/83 2%, L/S kb
23R E ) Sample B D 573 Sample A <° Sample C £ 0 & &R E N K& 22> 72, Fig.18 I
E. BRBORATE 2 i L7e i R &2 7”97, L/S A K& W Sample B D 725, AT B 23
INEWZ L ERTENTET,

BEHEALDFEIETdH D chloroform @ AGs, & BINZELDOFREE CTH DRIE M OFER % H
L., EROIREEZ EEMWICRTEREL T TR miTEZ2E N T2 LT, R HKRE
S A —RIMDMEE BT DR OEEIRTH 5 &R KL O R WM 2 #E U 5
ZEMTE,

LbEX D RUF5E TS LI @R E & mAT B Ol FI51, Eh 0T

% BRI

e
i

Ao Z & xARE L THMREE B XA b,
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5 40 /'@"'@ (Condition 1,
n —efT . 0,
< o J L/S: 24.7%)
— 2 30 P ®
2= e -==--Sample B
2 0 @ _4 (Condition 2,
8 e L/S: 36.4%)
c“é 10 Sample C
s (Condition 3,
S L/S: 24.7%)
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Fig.16 Granulation level of sieved Sample A, sieved Sample B and sieved Sample C. Sample

A, L/S ratio: 24.7%; Sample B, L/S ratio: 36.4%; Sample C, L/S ratio: 24.7%.

60

50
S
= 40 36.8
&
.a 30 26.2 26.4
k=
£ 20
8
O

10

0
Sample A Sample B Sample C
(Condition 1, L/S:  (Condition 2, L/S:  (Condition 3, L/S:
24.7%) 36.4%) 24.7%)

Fig.17 Comparison of granulation level of Sample A, Sample B and Sample C. Sample A,

L/S ratio: 24.7%; Sample B, L/S ratio: 36.4%; Sample C, L/S ratio: 24.7%
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Fig.18 Comparison of segregation level of Sample A, Sample B and Sample C. Sample

A, L/S ratio: 24.7%; Sample B, L/S ratio: 36.4%; Sample C, L/S ratio: 24.7%.
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4. FEim

ARWFZEIT BT, EEREHRER I X2 ER AT 25 2 & T, EHIBKLO chloroform
D AG, BHEM L7z, ZOEAITREEAI TH 25 HPC Ok fEkL % i £ T ook o 21k
WWEKRLTWD Z L E2RT 2 LN TE7%, chloroform O AG, & iR OHEITIZEET 5
CMA EFTEICERTHIENTE,

I BT, WEROEITITN O B E(LDOIEIE TdH 5 chloroform @ AG, & & ZE (L D FREE
THOIRENAOENEZE L, EROREZ R T EROEE & U CEhE & miTE 2 %
THZENTE T, ERAF— VIR L2 WERISEZH T 5 2 L T, EHEGO
BIC K D IERLERL O R HRBE D AL, R A & — L B 7p 2 G0 o i hr FE R 0D 2
WPEZE T 5 Z N TE T,

LlEXo, b oREYECER L EENEEZ A TRANEDY 27 7 &
AA L M EEMT D LT, MRAIRG RSN OME O — B A RIET D5 LTI

ARBRFETHDLERTIENTEE,
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F2E BRAESIRICKT 2 IBREOFM

1. %5

A EBRAOREIZHENT, MRFIEORGIIEELRTETH S, HRFZRMLE
EOFWEPEEZF ESEDZ & T, ARG OE —MEERAET 5 LN TE D,

WHENTHDIBRFNO —D>DBKMER Y ThH D MgSt LEIZIRAGT2 2 & T, §EA
DEFEHEDER TR, HmOUEDE TICL2EHEBEEFOMERARAZSI SR TGN D

o —H T, MgStEDREANARET D L. FTH TR PITHTHERIA & B A7 R H 12 [H 45 LS
BISMNBARBRAC 2HT8EEE (A7 vF0 ) ZZEIL, BEERAT A vF 70
GEIIHELRETH T2 LENS 5, HHERELZES LEMRMAER T2 L TR
TA YR T EBRBCTELHGLH LN 2D FHAEFEROEENEL TS, BEEMLO
ZEMMGIE T TR RFNRBEELIIEEZT,

ZDh, BWARBEOBEBLYV AT 4 vX L 70 272, TDU AT &2 EEN
WMl CE D2 FELZMLTH2 213, RELLEMEZRIET 2L 0O B bbIEFICER
N D,

ARETIE, WRAEDO—ERFHREGHRICHELRTAT 4 vy X U I RRO LNTEHR
IZHEH L7z, WIRAITH D MeSt &L DIREGICE 2B REOWIELEZ IGC TIFHL, A
T4 X TICEET D CMA DOREE, AT 4 v XU BT HIBRE & & &S

MTEHHBEER/ET DL HME L,
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2. EBRAE

A#FFETIE, (LA A (Astellas Pharma Inc.) & & #I T & % mannitol (PEALITOL®
50C. Roquette) & ZDfIEMA L & b I BE ISR (15.1kg A —v) & FWCiEhL
WERL A1 7-, #IRHITH D MgSt (PARTEC LUB MST EMPROVE® | Merck) % W&k JEHRL 12
KL TG HER 1.0%THRML, 120L DIEE A4 T 12 rpm OEIEEEHE TREG Lz, £
%, BAEED 180mg il d L2277 vy PO ZHWTr—4 U — FTEEMK T

L7z,
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3. REUVELE
3.1. (EROFEFIE

B B G S TS L 72 Sample A & Sample B DXk S . IRA MK OHTEESM %
Table 4 (2759, Sample A & Sample B & & 1Z 1.0 kN OAKJE TH EEA F20 L. SEHI6# FE ¢
IS N FREE & 70 AR LS N CHIBEA FEh L 72, Sample A DFTEERFIZIBW T, FTHEERH 4R
ERICAT 4 v X I RRD LT,

Sample A & Sample B D R FEME & SEAIFRFMEDFE R A Table S IZRT, AT 4 v F 7
WAET T Sample A IZHBWT, 5.0kN L THEZ BT EHAETHO AT 4 v F o 7I3dEHEL
mhnole, —MKENZ, IRERETTHETLZZILTAT Ay F o 7V R BEmL< 2D 2
B, FDH, ABEO LT, EIESHET CHFMMT 22 LT, fIEMOAT 4 v X 70
V27 % LV LI T52 R TELEBZbNT,

Sample A TAT 4 v ¥ 7 NEULTFIANE LT, Sample A & Sample B O 7 & /34 (2
KEREFEWIIRD N0 o722 L5 (Table 6), Sample A @ 57 Sample B K ¥ & i
WRH & DIREREF N FE N> T Z ENRKELTHEZOLND, BREFFMDIERAIC X 2R
MW ROZEEZGIEEZ LorietEix, BAEMME RS T2 2 LI X 2RA % OISR
(Compressibility) DX F & Itk OMEFE (Hardness) DK FRFEO LN TWNWDH I LD
bXFFIND (Table5), —J7 T, \IRMERIRA 14> TIE7Z2 W Sample A IZFB W T H, AU
BABMCRA L% ERY M IX R4 C Sample B L RIERFERTHH- 72, Z DR
T, BETEROKEZEZ 556, FEROBEASMEOK R L ERANT X 2\ IRMDR DK A
TIEFFRIZENA L TV A Z EEZRLTWND,

PLEZY, WREDR GBRE) 2363 2 ECTHHBIZHW 50 TW 5 IREEES §E

FIRE OFEMIEIEF AR R FETH L0, +OTERY, AT 4 v F U 7T OREDRHE
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(BT D MgSt OB GICER L. 27 4 v x 2 725 23 B ko R i Witk & 5 e
TLZENRTENIT, AT 4R TOREV A7 ZLVEICHETCEEE20N0

Do
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Table 4 Study design.

Sample Granulation Blending Compression Sticking
Product Spray Blending Press force (Yes/No)
temperature pressure time (kN)
(°0) (MPa) (Minutes)
A 35 0.4 10 1.0 Yes
B 41 0.4 30 1.0 No
Table S Physical properties of Sample A and Sample B.
Sample Blend Tablet
D50 Flowability Blend uniformity Hardness
(pm) Compressibility Hausner Ave. RSD Ave.
(%) ratio (%) (%) (N)
)
A 134.1 18.7 1.23 98.7 0.3 22.5
B 135.0 16.9 1.20 96.6 0.4 13.9
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Table 6 Particle size distribution of Sample A and Sample B.

Frequency (%)
Sample A Sample B
500pm on 0.00 0.00
355um on 0.38 0.59
250um on 2.73 3.79
180pum on 14.43 17.53
150pum on 20.66 17.53
106pum on 32.75 31.07
75um on 20.66 18.73
63um on 3.90 3.58
63um pass 4.49 7.18
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3.2, IGC & B\ 754l F i
3.2.1. SFE 27 B LU /- 5%

BRANRG 10 0 TAT 4 v X 7 RRO L Sample A O — (2kg) #/hAT—)L
D20 L DIREAEMT 105 KT 30 7BIEE L, BI10 4 (R 2047) BELH&IC
LOKN ODIRETHE LN AT 4 v F U 73RO R0 o T,

Sample A D BENIEA % & O - IR AW D SFE O 4y Bk 4y & Mtk 4y OHER % Fig.19 125
¥, SFE Oy & Il L C. SFE O3B DIEB K E M oTe, £, BT D
WX, BARHPARIBET LI E TR TIRRO LI, AT 4 v X 7N EINT 20 4
e 5 CE B ICEE LT,

SFE O 73 ik /0 DR RE Y 7e B bz xt LT, RO BRI TH % Compressibility &
Hausner ratio O 28 b % Lb#k L 72 /% 5 & Fig.20 & O® Fig.21 (2787, Compressibility &
Hausner ratio & iR & R [H 23 B 2 12O TR T2 67228 SFE D43 HU 77 D &AL
LB AT 4y FR T DOREOZAI T LT B Lo T,

Swaminathan 5% 9, fdhE/L o — 2L MgSt #RA L7tk % IGC THIE L7254,
SFE O3 # ik m 2ME T2 Z & 285 L=, Fujinuma 5% 29, &Rk & SRR OFM O
FVEZ R4 5 51k & LT SFE IZA B L, AHlECE & #F&H D SFE O 53 #ak o [F] 1= & 1
PR DR ERZENENIEVVETONITEVOBFTERE LS, FAEEL LSV L 2R L
72o & B5IZ, Fujinuma 513 29, & BB OO SFE IMIEASS L0 b 3k o 5 3 En
ZEHRLTE, INHOWME LY. SR OB EZ T 5 LT Bk E O SFE

SRS OEALEFMT S EIIAFHTHDLEBE X ORI,
% 72, Compressibility & Hausner ratio &\ > 7= KRB O BRI O L L 0 &,

IGCIZ &% SFE Ok DN ELS EFREBICELZZ &6, IGC 12 X 5 7Hl D JF
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D ERFTWIEDOELZ LV KERS MM TETEY ., IGC 2 X 5 SFE O 2o A 1k

ZRTENTEI,
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Fig.19 Dispersive SFE and polar SFE of Sample A at blending time points (0, 10, 20 and 40

minutes). Average, n=2.
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Fig.20 Dispersive SFE and compressibility of Sample A at blending time points (0, 10, 20

and 40 minutes). Average, n=2 (Dispersive SFE) and n=1 (Compressibility).
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Fig.21 Dispersive SFE and Hausner ratio of Sample A at blending time points (0, 10, 20 and

40 minutes). Average, n=2 (Dispersive SFE) and n=1 (Hausner ratio).
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3.2.2. BB-EENRT A —F — 2B U

Fig.22 I MgSt & DIRA R4 D Sample A & MgSt DIE-HIAMAAEHOFEETH S
Kp/Ka DR % R"T, Kald Lewis B8t (B FZAM) OREIIZ R L., Kpld Lewis 5V
(Bt 54) ORI ZRT, WIRAIE DREGZRIZBWTHIRG % OMER I L
MEFE L7228, HEAEMERIA~Z(E LT WD Z L 2R T H LN TE -,

AHFFEIZ BT, SFE Dk pk oy 13 MtE 7 1 — 7 ¢ & % chloroform & ethyl acetate % f
WTHH L, Kp/KalZ chloroform & ethyl acetate (21 2. ethanol & fIWCH M L7,

SFE O MPERK 73 <° Kp/Ka O HIZ M F 72 chloroform & ethyl acetate @ AGy, (%, ethanol
D AGyp LD BHEFRRITIELDENRO LN, £ T, Fig23 IZRTHY, MgSt & D
JEARED Sample A IZ%F 95 ethanol D AG, DAL ZF-l L 7=, & OFEE. Sample A
{281 % SFE OB IZ I IRANE S TIIXZEb Lie - 7228 (Fig.19) . ethanol ® AGs,
IX SFE O 5y 8k oy L MR Z{b AR Lz, ZOfREY, EHomE7 e —72FMH L
THIE., BT 5 SFE OIS Kp/Ka X0 &, H— 0t 7 v —7 Tk xf G o

BroRmMEOZILZ LV RERBMMTE 2Fpl 2Ry LNTE L,
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Fig.22 Kp/Ka of Sample A before and after blending with magnesium stearate, and Kp/Ka

of magnesium stearate. Average, n=2 (Sample A) and n=1 (MgSt).
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Fig.23 Dispersive SFE and AG;;, of ethanol in Sample A at blending time points (0, 10, 20

and 40 minutes). Average, n=2.
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323. AT 4 X7 ICEET S CMA DR

MgSt & DIRA T @ Sample A @ SFE D 43 #Upk53 & MgSt D 43 # k57 % i U7 k5 R %
Fig.24 |27 ¢, BE 1% D Sample A @ SFE Oy Bk 431 MgSt D e L 1XE 72 > T
7eo —7J7T. Fig.25 121 ethanol O AG, DG E Z R T A, IREED AGeyp L MgSt D AGy,
IV E~EL LTz, 2RO ORER LD, AGsp T3k BICSEL TV 5D MgSt DFF
EIRREZ A L T\ 5 & 2 bAv, SFE OBk /713 MgSt & DR & Tk L 72 ik a2k
DOEREIMEDOEACZ I L TV D REMEZ R %5, HID . SFE Oy #kis) & ethanol D
AGsp I3 FE 2 2 XYM Z ML TV LR, BRAasREMEORBZHRMT LI LT, &
HWOBRTIZHR T DR EMMEOFAMOREE L EHEMERR L+ 5 LB b,

PAEERD . RBFFETHREE L 72 MgSt & & £e3UBHZ I\ T, SFE O 53 847 & ethanol O
AGHplZAT 4 XU T DYV RITEAAY MCAHRBREBETHDLZ LERT I ENTE
722 L, SFE O35y & ethanol D AG, ZFBETRRFD AT 4 v X 7 ) 27 12

H4 5 CMA & L7,
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Fig.24 Dispersive SFE of Sample A before and after blending with magnesium stearate,

and dispersive SFE of magnesium stearate. Average, n=2 (Sample A) and n=1

(MgSt).
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Fig.25 A G;p, of ethanol on Sample A before and after blending with magnesium stearate,
and AG;p of ethanol on magnesium stearate. Average, n=2 (Sample A) and n=1

(MgSt).

49



33. BREOEZR

FERDR, 2 MEIE RS Td 5 Sample A & Sample B DK IR A2 17 %5 SFE D43k
B4y & ethanol D AGg, D /N T X — X — O % Fig.26 & Fig.27 27”87, Sample A O[]
RTA—H—TRAE 20 DA TEFICELZOIWCx LT, Sample B DA ITIRA 5 /0 HF
RTCEWICELLE, ZOEWIZELIRAFEMZ &/MNEAFREE (BTmin. minimum
blending time) & EFKT H 2 & T, IBREFFOIERR O IRANC L 5 RKEMIEE{LO T >
FEIL S D& OFHIIIE S D REL EE'EVICHKR T 52 LN TE T,

UEDOFREREIY, RFEICBITDZAT 4 v X 7xt3 5 Y 2752612, CMA IZ
EBH LU A7 FIEDORSE S Fig. 28 17T, AT 4 v¥ 7 ICH5 95 CMA %4

L., EENRBETOLOWREICEHRLTIHHET 22T, AT 4 vF 7 LTEK

it

DIER VAT T AR FEERTHZ ENTET, 2. A% TR LI CMA

(CHEH L7cRPls aTeE & e i, BMAERICB T 2mE vy FoRfbzimd 52 &
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Fig. 29 (Z1X. Sample B (231 IR A K[ O S FEMNE T 7 — 7 D AGy, DEl 2 DO HER %
R, ARBFIETIX, Lewis BEME D ethanol @ AGs, 23, i chloroform X° ethyl acetate 35
RV BHEERROITLDEN/NENo7cy, FEHEEOSWRME T o0 —7 & L TEIRL
72o SFE X° AGyp % IGC THH T 284 reference & 72 5 methane @ retention time & 4~
0 — 7 H A O retention time D 7% 5 5, Sample B ORI & T L% 70— 4
A @ retention time D& R 4 Fig. 30 [Z/” T 23, M7 v —7 L H#E L T, 7 e —7

@ retention time O 5 W EL - 7o, 7 v — 7128V TiX, methane @ 0.29 53 1Zxf L

T, chloroform 7% 0.31 %3, ethyl acetate 2% 0.33 43, ethanol 7% 0.36 43 & ethanol A &2 -
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N RO m— T TR L7z, L L7226, 2 O IEMmME 7 v — 7 oI E R R
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B IR PE N IER TE D EEZ b,
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Fig.26 Change in dispersive SFE of Sample A and Sample B on blending with magnesium

stearate. Average, n=2 (Sample A) and n=3 (Sample B).
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Fig.27 Change in AG;, of ethanol on Sample A and Sample B on blending with magnesium

stearate. Average, n=2 (Sample A) and n=3 (Sample B).
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Fig.28 Proposed schema of dispersive SFE and AG;, of ethanol as CMAs for preventively
enabling assessment of the sticking problem and BT nin as a quantitative parameter

for evaluating efficiency of the lubricant effect.
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Fig.29 Change in AG;;, of chloroform (A), ethanol (B) and ethyl acetate (C) on Sample B

on blending with magnesium stearate. Individual, n=3.

54



(C

~
—_ =
NS T e N e B e ]

(=)

AGsp of Ethyl acetate (kJ/Mol)

0 10 20 30 40
Blending time (min)

Ethyl acetate

Fig.29 Change in AG;;, of chloroform (A), ethanol (B) and ethyl acetate (C) on Sample B

on blending with magnesium stearate. Individual, n=3. (Cont.)
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Fig.30 Comparison of retention time on analysis of granules of Sample B by non-polar

probes in IGC (A) and by polar probes in IGC (B). Average, n=3.
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ethanol @ AG, W RERFJICAL T L7=, SFE O 4y ks & ethanol O AG, D23 — EfEIZ
WRSTDZETAT 4 v X IRBE LD, FIRLERTORT 4 vy X 7Y 27
3% CMA & LT, SFE O/ #iksy & ethanol D AG, & H7-IZEFR L 7=,

& 51T, SFE D4y Buksy & ethanol O AGg, D ZEALASULH U 72 1B A W a5 % fxe /MR A R

(BTmin) & L7z, EENEETH D BTon el fli T2 2 &K 0, vy MEDOIFRED
EHO&ERX0, MREILER LERANERZHK S22 0N TE T,

UEXY, FEESOREYHEICER LEEEENEREZHWTRHAMED ) 27 71X
A bhaFERTLEE, WEROFHEMELRIET D L THEFITAMRFETHLIZ LA

R ENTET,
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S O EMGICIET, "ASEO — B REEOBBMEN RO b, BAM
ERFET D HEICIE, "HAPICEENLHGDHS TH D APTIZKH L TEIZFHH SN D,

L L2 s, fROERRATIERO R DEEEZ R - TCIRINAI GRS TVWD Z &

5, WAL RO APL 72T Tid7e < ORI O e B4 G E 0 BEH o BE I 5
LRBLZHUNCHMT L2, BEEMOZEMRG L ERT DL ETITIHFFICEETDH

Do T TAMIETIE, ROBEBRAIORE TCHETR TH HER LR LIRS TEIC

L., WAIOMNE & REMEICEREE LIFT CMA ZRFEL. £ O CMA OFEE 2 E BT

AT oY A7 TR AA S OB FHEERETLOILEZANE L, CMAZRET S

FHiEL LT, FHEETH L HmEREORmWIEL IGC TN L 72,

BT, S SR K RN HETT 9D 2 & T, EHRIFERLO chloroform @
AGop WM LT, ZOELITFEAAITH D HPC O ERIFERIE E L TO o BUREDELIC
BRALTWDZ EERTZENTES, chloroform O AGs, & @R O HEITICBIH 92
CMA LTZICERT D ENTET,

I DI, ERLOHEATITN D B E(LDOIEIE ToH 5 chloroform @ AGs, & BEZE(L D FEIE
ThORESMOENZEE L, EROREBZ R T EEEIE & LU TR E &R E 2242
THZENTEL, BRAT—VICEKFELRWERBNEELZR LT 52 LT, EREMFO

WZ R D IERL R O RIACRE DAL WERL A 7 — L 3 B 7 2 5Bk ] oD 38 RE JEDRL 0D 3R T
Mtz e+ 2 2 LN TET,

%2 ETIL, BIRAITH D MgSt & DIRGIRFIZFEI B SFE D43 8k 5> & ethanol @

AG o DREIFHYITAR N L7z, SFE D43 HUA 4 & ethanol D AG, DZEALD — EME IR T 5
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ETRAT Ay XU I RUELLS, HELIEFORAT 4 vX 7 U 27 (ICHET 5
CMA & LT, SFE O #ksy & ethanol D AGy, 72 ICEFRET HZ LN TE 1=,
& 52, SFE O43#iaksy & ethanol O AGy, D ZEAL ALK L 72 IR A W5 & e /MR A R
(BTmin) & L7z, EEWIEETH D BTmn il fli T2 2 12X 0, vy FEOHRED
EHo&ER0, WMREILEH LERADERZHK T2 608 TE T,

PLE XY BAIER G O BRED & PG AEPE £ T O MR R 722 FEA 23 7T 8E 72 H 1L 5L 0 CMA
ERET D EOEEMEZRT LN TEL, £, CMAZRET D72 TlEARL< H
MG OREYEL EBNICH M CE2EELZH WD Z & T, "iEA T — LHOZE(
low y NEOIXLOEZ WU CTE 2 FIEOAAME RT Z LN TE L, PRI
OREHMEIZER LZEBUEEEZHOCTRAGEDO Y 27T AX L FE2FERMTHI L
X, WA G B PE 22 & D SVE O — B EME O BBV A RGET D L CIREITH AR

FETHY, BEEMORELEELZERTDHILICHMTE 2L ER NI,
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1. IGC Z W =R EW ik ol

IGC system (iGC, Surface Measurement Systems Ltd., London, UK) % M\ Tkl o % H ¥
P A G L 7=, Fig.31 (213 IGC D &AM E OIS X 2 R4 ¥, IGC O FAJFE L, HR
HIRREL D2 LR —BRED T —T A%, —ERETH T LNZRNDF Y U T
HAZEAL, AT 2RICFRE SN B Z@E L7727 v — 7 OH ARE % flame
ionization detector (FID) T3 5, V77 LYy AH R LT v —7 HADREFRERH O %
AT 52 LT, MREE OMAEEREZFMET 5 2 RN TE S B 9 29 20,

WEOHER L LT, VI VB ENEZH T AT — )L THAlZ LN 3mm O 7 A
N7 DT EFEL, 7 L2PORBOBENEFICETLIETSHMF vy 7L
2o D%, YTV LT T A Y=L TR EL, BLNICR LGS CH—R B 28

Bl v LHNE L7z,

e S

® T L3 T 4 a : Temperature 303 K, Gas flow 10 ml/min

® AL : 0.03 p/p° (p: partial pressure, p° : vapour pressure)

® Xy U7 A : Helium

® U7 7L AN : Methane

e Ju—T7 A
FEMME 7 2 —7 : n-7 V7 % (undecane, decane, nonane, octone, heptane)
fitE 7 m—=7 . chloroform (Lewis &7 7 —7") | ethanol (Lewis f&E~7" v —

7). ethyl acetate (Lewis ¥E&:ME 7" 1 —7")
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HEC TR

o FH1TIHWERE K05g

® FH2EICHWZRE K 0.7g (MgSt DHIEDHK 0.1g Z7FAH L 7=,)

n-7 V7 SO IEMPEE S A D TR LA o RE B B = XX — D58y

(ys9) &K x Ot 1 —7 OFMFAEHI T 5 F 7 2 0OWE R B = XL F—(AGy)
I%. Schultz method IZHEWVVFHHE L7-, FEtOREB B = XX —OMmMERKS (ysP) 13,
Good-Van Oss O IZHEVY, chloroform & ethyl acetate @ AG, D fii & . Della volpe scale T
B SN Lewis 7' m— 7 & Lewis i 7 'm — 7 O L Z 4D acid component (ys™)
L base component (ys )L W EFE L7z O D 27,

MR NT A =2 —ThH D Ka (BEFZAMEATLIHMENNT A —2—) & Kp (BT

e GMEA2F T DM NTF A —% —) (X, Gutmann concept @ ¥ IZHEV | chloroform,

ethanol, ethyl acetate & OB FIME L W FH L 7= 29 29,
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FID Detector

Fig.31 Schematic illustration of a typical IGC analyzer and chromatogram ®
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2. B ERKEME O PR

FB1EOERBRICEIL T

F B ORI E 3 A 1L, 75um, 150um, 250um &Y 500um b L < 1 75um, 106um,
150um, 180pm, 250um, 355um, 500pm & % 850um O fi & HWTHIE L=, FEAEDE
WiFm O/ #8l1L SEM (Scanning electron microscope) # H W THIZ L7z, HIEHBIOEE
EORFEIZ-DWTIiE, HPLC (High performance liquid chromatography) % H W\ TEUEFO R

BRIEIZE - TR L 72,

FH2EOEBRICEHL T

KRB ORLE A & OB R (Dso) 1. 63um, 75um, 106pm, 150pm, 180um,
250um, 355um & 500um Off & AW CHIE Lz,
BB D[E 8 & F% D D A FE(ml/g) % HE L 72 . compressibility (%) & Hausner ratio

ZLLFORUTHE » THE L7z,

v' Compressibility (%) = ((Loose specific volume - Tapped specific volume) / Loose specific
volume) x 100

v" Hausner ratio = Loose specific volume / Tapped specific volume

HRBOIR G —PEIZ >\ TR, HPLC & W 7o ARG O RRBRE ICE » THIE S fuTe

n=10 O ETEEEDOFER L W RSD (%) & H H L Tl L 7=,
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3. SERIFME O PR

FB1EOERBRICEIL T

FEHGR DI BRI DWW TiE, BB ORBRIEICHE > TR L7z, ARBIRIE. o
WRRIE D> > 7 R OB Z etk T 25 pH TR L 72 R 2 H VT k& 900

mL., /X F/L 50rpm, &R 37 °C O Feff CREAm L 72,

F2EOEBRICEIL T

FEHIREE X, 10 SEORE RO FEHHEE AW,
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