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| 3 | Determmatlon of Bulk
' and Tapped Densmes

e - Change to read

_ ThlS stermmauon is.. harmumzcd thh 1he European
- Pharmawpocn and ihL U S Pharmacopcn 'Ihf: parts of the text .

. 1hal are noa harmonuuj are. mmked with: symbols (’ ‘o)

‘Dt,tt.rmmatmn 01 Buti\ and Tappeci

: dehm.d as lhe stale oblamud by |murmg .1 powdu :,dmp]c mEo a

> conslanl drop mtc unlli
: vessul bucomcs ;;l_nmsb

B Bu_]k dens:ty

'f-untappt.d powch,r 5dmplc and itb volumt. mc]udmgz Lhc

'du.nb:ty

may also.be t.\prmst,d m gmms pcr CublL centimeter (glum 3
' '__Tht. hulkmg proputu.s of a powd ':ra, deLHdLI]i upon . thr.,
' ; erdrdilon lrea{munl and StOl‘dgC of ihx. bdmptu

g _-of a {}{)Wd{.l'“l_

The bulk dE:n:;:iy ofa powd&.
_'volumu of

: _'Method 1: Measurcment in ‘1 Gr'ldu:lted Cylmder b
'!’rocedure SR

“Pass. a: quani;ty of powdcr suﬂu:lmt to compluin th&, le:.l__
_hrough a sieve with apertures. gn.au.r than or equal 1o 1.0 mm, :
_"11 nccussary lo brua]\ up, ﬂ;,glomt,mlcs that may lmve fonm.d__

i _durmg_, storaga ‘this musl be dom: guntly 1o avoid changmg lht.
nature 0[ the maicrml !nto a dry gradualud cylmdu of 250 mL
(n,adable io:2 mL) g,c.ntiy mtroduu. wnthoul compactmg

- app:ommalcly 1060 g of thc test sample {m) we:ghcd wnth 0 Lper .

©cent ACCUracy, Carefully level the powder without compacting,

1! nccussary, and read the un%l!lcd appan,m vo]umc (l'fo) {0 thc o

i Metlwd 2 Measurement ina Vulumetel
B - App.mltus

The bulk. dcnsny Ofﬂ poder ]S lh:, rallo o] liu. nm'-‘.s ol an :_'

"c. how |Lwas. S

Gﬂm vnry dlﬂ:uult ()'-".'m(,-'ﬁé_;ﬁre'-:w' h good
'.'rt.produublhty and in repomng thc, rcau]l:; n 15 CbSLntlal 10 '

: -.'-sPcuf}’ how the c!ulu,rmmatlon as madb G :

s duiurmmed by mmsurlng thc. .

: known mass of powdur sample lhai may have bLLll .' R

'.-pat;sn.d 11f0ugh a screcn mm a ;,radudu,d cytmdu (Muhod n, '_ _

"_or by. m{,dsu:mg the: mass ofa known volunu. of powder th,n has IR
bccn passcd throu;,h a voEumctcn into a gup. (Mcthod 2) ur a RS

uring - vussu! (Meahod 3) MLlhDd 1 and Mclhod 3 arc. RN

| i '.Protedure

-Euzﬂ%;_ﬂ'

B ne'lrest gmdu'ﬂed umt Ca]culalu thc. bulk dl.ns.[t) m g per mL by - - _.
i the” tormula m/Vo -Generally, rephcatc deie:mmatnons are C

desirable for the dutmnmallon ofﬂns property. -

e o Af the powdu density 1s too, low.or 100! high, suuh timt the lest__"' '
o samplc has an- unlappcd upparent voimm ‘of: ellhcr more ‘than ...
250, mL or fess lhan 150 mL it s not posmbk to usc 100 2 ol .
' pOWdL.I‘ SﬂmpEL lhcn.fore, 4 dlﬂcrt.nt amount ofp der has to -
2 he bt.]CCth as lest samplc ‘such that 115 uutapped appdrenl
-_'vo!umg is.150 mL 10 250 mL (appan cnl volume grealer than or. -
._cqual 10 60 pu’ u.ni 0{ lilt {oial volutm oi the cylmdur) the _

R : '_mdss uf thc. test samplu is Spt.CliiLd in 1hc, u:pn.smon of rn.suils
nsmcs isa mcthod 1o -

_' ducrmme the buEk dLnsmcs of powdued .drugs undur loose and .
o EappLd pauksng wndtttons rcspcclwuly ‘Loose - pacl\mf, ds o

For: L.'iI samp]cs hwmg an apparult vo!ume bc.lween 50 mL b

: '-_"and IOO mlk s 100. mL Lyhndc.r rcadabl&. to mL can. ‘be used; :
e volumt. oi lh&, Lyhndu :s 5]);.uhc.d in. 1hu c\prcssmn 1)
- .'rc,su]ts : v - '

:The appmétus”) (f‘lj: 3 0] E) cons.lsls. 0! a le funncl hmd '

w:ih a1.0 mm sieve. th. !unm.] is moumud overa lmfﬂt, bo.’\ .

' Lonl‘nnm;_, l‘uur glass ballle plau.s ovur whlch the powdu‘ Shd{.b : '
angd. ‘bounces as il paswcs At the bmmm 0| lht. baflle. bm '_ '
!unm] that LQHLLIH 1hn. powdt_r ang. allows it'o pour into.a up

: o 'mountui dlruciiy bn.low it The cup Ty be cy]mdrlua] (25.00.4 B
'_-_Lomrlbuuon ol® 1he miurparlluulalu vo;d volume, Henee, the bulk,

L_]s on both th:. dunstty of powdur pamdca 'md tin._' =N
sl spaua mmngmnnl of pamcltﬁ in the powdn_r bed. Thc bulk .
' :f-dulsuy is prn,ssui in grams, pu m!lllillur (yml ) although the .-
'-ml:.rnatlondl umi 5 lulol,rdm ‘per-cubic mt.iur (l g/mL = 100{)_ : R
= -']\g,fm ) because the. measurements are made using cylmdus Il_ R

il

0,05 mL volmm w:lh an E]lbld diameter of30.00 & 2.00. mm)or =
“ sqmn, 16,39 &2 U() mL volumc wnh ll]NldL dimulsion:, of:
: _"75 4 % 0. 076 mm) : -

: 1-.0_ mm’sieve . —

“Powder funnel -

.'.-_::_Lé_u_d_il_l_g: Eunml

- Baffle assembly -

' Glass baffles . i

= Sample receiving cup

L Fig 30141

._'_'.V_olum_ete_r' RO

Ailow an exu..ss of powder 10 ﬂuw 1hrou1,h 1hL, app’lmtus mtd '

- __lhc samplt. |Lu,avmg, cup.T until it ovcrﬂowx usang a mmlmum of
23 e’ of powder: with the squan, cup and 35 cm of powdcr :

' wnh the cylmdrlLal cup. Carelully, SCrape exeess powdcr irom_
: the top of the cup. by smoothly moving the edge ofthc blade of

!:p:lll.lld pcrpendu_ular to and in contact With ‘the 10p surtace 0[;. L

- ‘the cup, takmg care fo ktL]'} ﬂ'll. spdlula pcrpcndtculnr to prevent o

' ~packing or removal of ‘powder “from :the cup. Rumow: any
- material from the s:dc of the cup and dc,u,rmmu the 1mass (m) of

the . powdcr 1o the ‘nearest’ 0.1 per cent.” a!_t.ula_te_ the - ‘bulk .-
density in g per mL:. by the. iormula miVy in which Fy'is the,
volmm ot thc ‘eup. and rx.cord lhc wnmgc oi 3 delt.rmmalmns_




i ::'dumensmns in ASTM 329 90’-'

[ -j'App'lratus _ S - AT
: Thu apparatus cc)nstsla oi a IOO rnL cylmdnml vcsscl"of

e Appflrntu .

P _u::lng 3 dlﬂ"erent powder samplcs
oo The ! apparatus (the:-Scott Vo[urnctcr

_'Method.'& Meqs rem.cnt in'a ebsel

cel v 'th'dlmcnsmns '\s spcclﬁcd if F:g- 3.01 -2

'Pass a qhqht;ty ol powdcr 'suf‘f‘ ici

"'.:thc: vessul as: dcscrlbud !or Mcthod 2 Dutcrmim. lhﬁ
of th powdcr to ‘the: nnrcsl 0 1 per. ccnt by qubtr'lcnon of thé

previously; determincd mass: of the . empty. messuring vubqel._- i
0 Calcuilate thc bulk: dms Y. (g/mL) hy the: formula’ mg/100. and -
*record ilw avu_'tge of 3 duturmmatmns usmg 3 dlﬁ‘ercnt powdcr N

; bdmples

"'1._'_T1pped denmty I o :
- The'tapped dunsnty s an’ increased bulk dcnq:ly aftainie

i mu,hamca![y tapping: a contamu* conlfnnmg the. powdur qamp!u LY

' = The: ldpped dcnsﬂy lS obtamed by muchamcally t'tppmg Al

- Or vcssd u)nta[mng lhb powdu‘f' 8

i ial powdcr volume ol mags; the =y

- medstiring - cylmder “OF vcssul is mcchamcally mppud and

. " yolumeTor 1WEaSS readmgs "lra takcn unlll !mic furthu volumc oF
:rmss Lhange is-observed.. The’ muchfm;cal t1ppmg 1s achlcvui R

LS':Ll and: 1llowmg itio cirop, undu‘ :

. CifsTown ina:as | spwlf'ud dlstancu by either. ol 3. mulhodb as

R :dcscrlbed below. Ds,vnces that

-'-:-.:-durlng 1appmg mdy he prcl"un,

gmduated measurmg cylmd
o Samp]c Afler obsuvmg the'i

'."'_'by rmqmg ‘the cylmdu

: scpar‘at[c_m_oi thé mass (_lur_m : tdpp:ng down :

s The '1pp1mlus (Fig‘ 3. Ol 3) consnsis of th¢ loilowm;:

g :'_':'ma\s of 204 g R
S settlmg 1pparatua capablu ol producmg,

% .3. _'support for lhc. gladmtcd cylmder w1th its holdcr hasa a

L _mpk,lc lhc st
through a E o mm sxeve, if ncccswry. to brcak up aggfomcratcs" i

i Procedure

'_.__"volume(l ) : RRSERE
it ‘?emm, thu cyimder in 1hu ho!du‘ Carry out 10 500 and 1250-':

o taps on’the same
volumc35 V,o,

_-'_m/l m whlch"'.l

otatt. thc cyimdcr ot vcssc!'." :
‘to] mlmml?c any posmblu

“Procedure.

-t 250: mL gradunled cyllnder {rcadabie to 2 ml, w1th L :
: : s nommal ral{: OEESO'Laps pcr mmutu

: in [ mm uthcr:_; :
'nommally 505 15 laps from:a: “height  of:3: =0 'mm o
- nommally 300 & 15 taps from a:height of 14 '

Casosiog

- Graduated
 eylinder

'.'Té_ia_l.-'.f._h_e_:igh_tf'nqt' -:_more' O SRR

nor. less | than, 2007

Cylmdur

L Anvil

- specilications. .-

CUsitting: frely o the:
Supper: p'lrt oi lh(.
E anw] : o

. Procecd as dcsm ved abnv

powdu samplu and ¢ad: the’ corrcspondmg-_,_'.'

2 mL' repw

e powders

Meth'od 2

' Proceed: 1
mech'mlcal tc:;tcr pr(w:dts a; hxcd dro of

thatat thes !owcst'_
i point:of (he cani; e - 00
_uyimder support i85

¢ iﬁr: ihé 'Licfé'rm'flialibﬁ' 'o'F.'t" L buik:_ = : .': S :

fn and __V_pm_to the nedr tgmdmtcd umt Ifihe

in’: incr ants such s 1230 taps, uniil: thc,_-:_"'_"' T
dlﬂlrence bctwccn qucceudmg mulsurcnmnts is less: ihan 2 mL EEE R,
: [ Wth'. SRRE N

o ].‘: the: fmal tdppc,d {ro]umu Gencmily, rcphcatu S

- determinaiions. are” dcs:ml'ic, forthe : o

_ _"property Spu,lly lhb drop 1e|ght wuh thc rcsults : . i
L L 35 ot possﬂaic. fo use' & 100- g tesl samph., use a rcduced" A
._-'amount and a'suitable; EOO m], gmdualed cylmdur (rcadab!e'to 30

mL) wughmg 130 £ 16 £ aml mountud on; & holdcr wughmg_:' i

7240 £ 12 g, The modified: test condumns ire speclfled in 1he_'34_' :

-"e*{prussmn ofthe rt,:,ults IR i o itk

Proceed qs dcscnbcd in the mcthod f‘or mcasunng lhe bull\:: _2.'1 :. o




- dmssiy usmg 1he mt.asurmg vcssd equ:pped WIlh ﬂu. cap shown T

. “in I’lg 3.01-2. The mt.asurmg vesqei with the cap s lifted 50- 60 "'

' - limes per mmuu. by the; use 01‘ a sunabh. tapped du]s:ty tc.stcr
S Carry out 200 taps rumove the cap and careiully scrape EXLLbS s

_powdur Irom the %op of thc measurmg “vessel as. d{.scrzbud in o
s _Mclhod 3 for :masur:ng the bulk densny chcat 1he prou.dure

~using 400 taps 1t thb dlﬂCl‘t.ﬂCL betwuun 1hc 2 masses obtaam.d |

- after. 200 and 400 taps exceeds 2 per cent, carry oul a test using .. -
200 additional taps - unul thu difference ‘between. succeedm;, L
" measurements “is. Jess than 2 “per cent. Cdlcu[atc ‘the. tappu,d R

' '_-.dcnsny (g/mL) usmg thc Io:mu]d mp’lOO wherc. f?l[‘ is lhe mdbb of -,

powder in ‘the: mea:,urmg vus‘;ul Remrd the aw.ragc of' 3.
-;cit.ltrmmalmns usmg 3 dl[Tercnt powdu samplub AT

-'Measures ofPowder Compressnblhty SRR _
Bccause the mterpamculat(, mlt.l‘-.l(.ll()nb m!}umunz._, lht:

""_buli\mj, Pmphrtu_b ‘of a, puwdur arc also lhe interactions that B
- interfere with powd;r ﬂow a comparison of the bulk’ and mPPLd f

'-dulblllc‘b can gwc & measure, of the: I’LlathL imporldﬂcu of these 5

L minracuonb ina gwen powdcr Such A Lompdnson is oﬂLn usc.d .

s an mdu{ uflhc dbl]lly ofthc. puwd&.r to ﬂow tor mamplc th. o

o . Comprumbl]lty Index or lhe E iauqnu Rallo

oniThe Compn..s:.lblhiy }nciu,x and lldusner Rdllo are mca::nn.s:' i
: of the: propensity ofa. powder m bL Lomprc.sst.d as. dCerlbed
_':'1b0vc, ‘As such, lht.y are measurcs ofthx_ powdu‘ abllaly 10 seltle

and Ehcy purm:l an d.s::t.ssm(_nl ()f thn. relative 1mporiam,|. of

L thrp'uucu]ah, 111lumcliuns In.a lrLL ﬂnwmf:, powdu suuh._:'. o

interactions are lu,s blgmhcanl and ihL, bulk. and
'-dt.nsmc,b will: bt.. leu -in valuc. Fdr pOOI‘Ll’ ﬂowm& mdlurials

dppl.d SN

. 1hum e tn.quc,nliy gn.au,r mt:rpmllcufalc interactions, ..md al’ :
: -grcater dlﬂu‘mcu bctwuen thc: bulk and idppLd Lan\]lILb WIE] bu S

o _obsurvcd These th'tut,ncc:b are. rdh.ued in lhc (ompn.sslblhty
_ .lndm dnd lhu ] Eduancr Rallo i e

C()!‘nprt,bb!bthl)‘ Indu\

: wou m:_qf-.})nfq, BT

I(, unsullcd '1ppart_ntvnlumt. _' R
imal 1appcd vo]umu '

ljla_usner-l_{_u_lm:_ :

'V;/ff. S

Dcpmdmg on: lhc mdtula] lhc LomprLSSIbl[l[y inLEL,\ cai bc '
(Eut(.rmlnt:d meg I’m mstcad ()f V -




i _3'.'Change to read

U MULI‘[ PO]N S
o : :When thé gas is phybu:dlly adsorbud by lhb powdt.r bdmp]L Z'_
et :jlhu foliowmb relatlonshm (Brumucr Emmett zmd Tuller (BET) ) ;

o ,.adaolpuon 1sothum) holds when the relative pressure (P/Po) 13-.":

i the range of 0. 05: to 0.30° for preq:um Pol the 1dsorbatu {:db--.: i

U than 0.9975; that is

| :3'_-' 3 02 Specnﬁc Surface Area.g.
by Gas Adsorptlon

; Thls {cst is harmonm.d wnh !hc Europcqn Phalmacopoua'
' -_"zmd the U.S. Pharmacopcm The' p'ms of the tcxi that mu, not :.- :

. "hAlmomzcd aru markcd w1th symbots (’ ' ) o

ﬁ.:usu{llly camcd ‘out-al. the icmpc.mturc of Elqu:d m(mgcn This

. ﬂmoum ‘of. g'as adsm hed: can bc mmsurud by a volumclr:c or :

i contmuom ﬂow pmcudur .

EASUREM ENT

‘d:.[" PR

b in Lquahhrmm tor Lhe volumc ol ga‘: d(lSOI‘b

Pn baturdlud prcbsuru ol adsorbalc gfls. in p'tscals

'-_'Ia.' VO]UITIL of : gas. adsorbed “at sl'mddrd tempcr':lure and" '_
" pressure (STP) {0“(, and a!mosphem pl‘LbSllI‘L, (1 013 x ]0 Pw) f.'_: e
""'-'m mt]hhtel e . : SRR

P Vo!ume nl g'ts adsm bed at 3 ll’ fo. producc an apparu.m

s mono[aycr on 1hc, sampiu burhcc in ‘milliliters; -

I Damunsnonless constam thal is related  to, the Lnlhaipy ol"i
Far ﬂdbOI‘ptlDﬁ ofthe adsorbatc gas o the powdcr wmp!e S

Sl A vaIuc of 11 i mcaqured m L{th of not h,ss tlmn 3 va]uus ol B
o P;’P(, Thcn the BFT V'tfuc o '

1/[V '{(Pn/P)— l:]

_ _"|s p]otted agamsl P/Po accordmg lo Lquatlon (]) Th]S plm'i'
: 'should y:c]d a stmlghl ling usua!ly m “the approxmntt. rulalm.
o prc:ssure tange 10,05 t0 0.3 The data are, cons;dcn.d accuplablu it
:f'thc corrclatmn coe[llment ¥ of tht, linear- rugresamn is not fess. -
R is not less than @, 995: Froni thie rusuhmg'-" L
2 linear plot; the slopu, which: s “equal to (C— 1YV, and the "
1nlerccpt winch is cqual to: I/(lmC),-_are evahnted by Imear'.. '

o "regrebsm '

squam melres (0 ]'62 % iO :

o .Thc spu,mc %urhu. 'm.a dl_tcrmmation muhod isa muthod..‘_ ..3
o dclurmmc spccnl:c surface’ arca; (lhc, total sur[acc arca of
: 'pnwdcr per “unif massy of & pharmaccu!:ml powdcr mmpi by'-
'usmg gis: ddSOrpt]Oﬁ rethod. & The: \pLCIlIC surf‘acc arLa ot a
powch.r is: dclt_rmmcd by phystcat 1dsorptmn of a gas. on ‘the
-surlacc of the solid and by calculatmg lhc 1mount of adsorbate L
gas corrcspondmg to-a monomolwuhr Iayu' oh; 1he suriau
'. - Physical adsoiption resulls from, n,iatwcly weak’ i‘orces (v.m der B
~ Waals - forees) between: ihe adsorbatc s’ molccules and thc'_"-
" adsorbent surﬁlce ot thL_ {est: powdcr The' LEclermatmn RN

' 'nmasuremcnts nny b : N
is obtaincd at a P/PU value close to 0:3. Becalise nori- lmc'xnty is i
"ol”icn_obt'uned at'a P/PO V'l]l.iL below 0. 05 va[uus in this rcgmn; e
ot recommcndcd 'Ihu test for I:nu\my, the tmatmcnt ofthe’
r.hta and the: mlculwllon of thu 'ﬁpCle'C suriace arm of thg._'-' SRR
- mmplc arc dcscrlbcd aho\m : i

Care

s V W=7, ( i "“(P/Po)}

o l!(vlope *1i e;cept) whlle C is ca]cuialcd as (s/ope/mtemept) +: S -
i I From thg: valtie of V; S0 dctermmed the specnf [ surface 1rea., R
v S in:m g 'ls"'alcula&.d by the equallon : o :

< (P,nNa) / (n

N /\vogadlo constam (6 027 IO23 mol )

s Effective cross- scctional al'E'i of ong '1dsorbau, molcculc m:. KR

1§

rkrypton)_ i S
e : Mass ol test powdu in gl"lmS B

: : 12400 Volumc in- milliliters; owuplud by one molc of the.-:"_'_ R
L :'adsorbatc gas al STP allowmg for mmor dcp’xrturu, fmm lhe__' O
..1dcal : ' B

ddl'l pomts
"lrru.d oul; usp{_cnlly wht.,n non Il

A mm:mum ol

SINGLE POINT'M EASUREMEN
Normally. ar’ least 3 mmsurcmcnts of V éac

uquallon lor mlculalmg Vi : D

_ Thc qmj,te—poml mcthnd may be cmpioyed d:rcctly tor '1 AT,
R '«,rn,:. of: powder, qamp!es of.d’ glvun mdlurnl for whwh the-f SR
mﬂtu‘mt “constant ‘¢ is much gr«,atnr than’ im:ty _Thesg LR
u;mmstanccs may: be vcnﬂ,d by wmp‘mng vatucs of spcc:hc R ”
surface ajea duermmcd by the: :,mglu pomt m(.lhod wilh. Ehm_'-:' _
stermmed by the mulnpic poml mt.thmi for’ thx, series of g
:pnwc!ur S'lmph.,b Clm‘c e]mlEarlty butwuuz the, Slng!t_ pmnl"-_-'-..",_: S
_-'_valucs and: multlplu-pmnl vnluus xuggesls that 1/C npproachcs Lo :
- zero. The smg,lt. point micthod may b’ c,mp]oyul indirectly fora.
su.ru,s of very: qamllnr powdcr samplcs of given ‘material for '_ ' '
_ _Whl(,h the: maluldl cons!am C-is pot infinite’ but: may be'_""-'
" assumed to be. mvartanl Undcr ihese. circumstarices, ‘the error
associated wnlh the Single- point. niethod can” be: reducedor.
' .'_LI:m:naied by using tie mulllplc—pomt method fo cvatmic o for
~ong of the samplus of* the series’ from the BET: ploi fromy which'-
S Cs. calcu!atcd as: (l + slope/mtercepr) “Then, ¥y is'caleulated 0
From the smglc v’tluc of , mmsured al a smgk value ot P/Pu'_-'
o 'bythe efiualmn ' : : R

.:"'-’_"V&(Po/!’)—i}[(WC)"F{(. -¥t)fC:><(P/Po)] W

9 '2 SAMPLE PREPARATION
"mfllysm [‘rom Ehese valucs V,,', 15 LﬂlCU!&th as'-

*m’ for mtrogm anid 0.195 10' e

8 I‘thl]l‘hd Addlllondl o e
'arlty O

_ ‘att different
valies of PPy arc rcqulrcd fm‘ th clcturmm’ltmn ol specific
S .:'suriace ared” by lhc dynamlc ﬂow [:,ab ‘adsorplion tu:hmquc:‘_' o
L (Method: o by volumclnc s “adsorption (Method:: qhe
o 'fllowwur unclcr ccrtam ‘circumstances described bc]ow it: rmy_:. e
_bc acuep[ablc to clctermlm. the specifi ic surf.u.é
From a smg,]c value of v, "mmsun,d at a: smglc valuu. of PPy 2
_ such - s 0300 (Lorre_spondmg, 10: 0300 molt. of mtrogen or
:--'00(}1038 molt, frfncllon “of krypion) usmg ihe t()llowmg._ e

mmofapowder. S




' -"-.p'lrts ‘of “surface ‘area are

T mea.suru,muns

Bf:fOI‘L lhe spcmft. smldu: area - of lhe sampiu_:'--

' p:uwously adborb(.d gases or vapors lhc omgassmg condatmns

“are critical tor Obtammg the requmd precision and accuraw of

5puca[1c surface arca nn.asuremenls on: pharmacuuucals because

of the, sunsmv:ly of the surfan.u. of 1hc matcrmis The ouigassmg a
_condmons must be . dLmonslralcd 1o yu_Ed erlDdUCIbIC BET. -
~plots, ‘2 L(ms[ant wcighi of tcst powdcr “and: no. dctcctablc_-.'-"

'--physmal orchenmal Lhangus in the test powdu' : T
' 'IEle ouigass:ng wndlt:om ddmcd by the %meuratur&.

' prcssun_ and ttmc. ShouEd bu S0 Lh(}bi..n that the: orig,md] bLlI'f:.lCL -

o ol the bohd 15 n,produu_d as closuty as possible.

Outgassmg 01 .many subslame

'_cyleg mcthod In uthcr case, L]e\v‘ﬂll.d thlpuatun.s are

:.':,omeumc:, apphcd mcrt..m. the. I’dtC .t

: when outgamng powdur mmplu libl]]f:, Llwalul iumpumlun.s 1o

avoid a!}r.ctmg th m\lum ofihu. 5urlau. and 1!1:.. mtggnty of: thu' o '_
: ':.'%amplu o ' : : - '

f hmtmb is cmp!oyud thu rcwmmmdcd tunpuraiu:a. and g
'hmu of out;casmn;: are a3 Jow as - possible 1o

rupmduc:b[c, uu.dhurcmt.nl of sps.cmc <;urh=u. art,a [nan

01ht.r
_"-()utgdssmg mt,thods th as the duorpllon adsorplmn Lydm[,
'._'.mLthod may. i?u. uﬂpioyud S : : L
T Iu, sidmiard tc,chnlque is Lhu adsorpt:on 01 mtrogun at hqusd_' S

E .'au.uplabh, time.For -,

oulgaba:ng sunz,mvu "sdmp]cs

: mtro;,en lr..mpcraturt.

ioFor powdurs of Iow spccmc suridu, ‘area (\0” - g ) the -
_ .':-.:propornon adsorbu.d is low In such- cuses the usc of Lryplon at -
i '-'-_hquld nigr ogu,n 1::mpualu1u '\-pruﬁ.rrud bu.ausu the fow: vapor L S
";ror. _A_ll"_'gasqs _uscd_: SR

B pressure exerted by thls £as, grt.ally rcdu(_us
“must be free [rom mmqtuﬂ. ' '

_ Au:urdteEy wugh a quanuty oflhe tcsl powdu‘ suuh 1hdt lht.‘ _
._"total surlacu of'thtu Ramp]L is at: !ua:;t 1w’ :when the adsorbatc is .-
whcn t]’lL adsorbak. is krypton Lowu' '

._nlilogm and 05 m’

L quantmeb of samplc may be used aﬁur approprmu validat:on
Because the amount of gds adsorbu:l under a &,wun prcssurt,_

tcnds Lo murt.'i%e on dccrcasmg Lht, mmpualmu ~adsorption
EII‘L usualiy made -at a low: temperature.

_ Mmsunumnt is. erlormcd ai -195 8“C thc bm]mg poml ot__ .
-'_hqmd nmogen ' RN B - T
Adsorpuon of gas shou]d be mcasun.d uthu by Mcthod Jor -

o Mcthod 1.

- 31 Metlmd l the dynmmc ﬂow method P : ;
" n th{. dynanuc flow. - method (‘SEL llg 3. 02 !) 1hc
"-remmms,nded adsorbate gas is d:y mlro;_,c.n or kryplon while
“helium s meloyed as “a diluent gas, which is nof “adsorbed
: 'undu‘ the ru,ommcndnd cond;llons A mlmmum of 3 mixtures

:1:1'1' be
E : dLlLIIT!lnCd itis. necusq.iry to n,movr, gases and vapors thal may -
;h‘wc becomb physmaily adsorbud unto the’ surlacu durmg_'-"
_:slorage and handlmg I oulgassmg is. not aChIEVLd the spuc;[‘c P
.surface area may be rcduce{l Ormay bL vamblu bl,uause some 3
: OVCI'Ld w11h molmul(.s of ‘the

'j elu,tromc lnlegralor is

v -0 0510 0. 30 for P1Py s to bL dt.lel mmed L
VA known mnlurc 0! thc gascs usua]ly mlro;_,cn anci hdlum 15 S

"passud through a lhu’mal wnductmty cell; 1hrough the sample_
“agai [ “then 10 a;-__.' :
rLcor mg pntcntlomuel lmmu‘% thc S'lmp]t.. LL“ in Elqmdg

B _lh.ORLH aLhide By ﬂpplymg . : '.om. usad for the d{.l&.rmmdhon
d vacuum by purgmg the samplc in .1 ﬁowmg stream ‘ofp B

o non rcactlvu dry gas or by . applylng a, dLSO[‘pliOﬂ-—dd‘:Gl‘pt!Oﬂ__ g

“which . :the "~
._.wntammdmb lLdVL lhc bl.!l‘ldu. (Jultmn shouILE be L\L!’L]h(.d_

: "_'_'apprommmc]y p1 opm'tnonal to 1he volume of thc g% p’\:asmg RRENER

fhrough it undcr cluf'm.d condmons of 1mee:atuxc and prcssure
-'For -this - purpose Rl lhcrrml condunt:v:ty da.lcctor wnh -an

mipimum. of 3 data ]501rats within: th

lhrough 1hc:_-' mrmai conductmty LG” and'

mirogen then 1ln. samph. ddsorbs mlro;:,en from lhs mobltu

Z_-phﬂsu This unba]anc&.s ithe thelmal conducimly u,]J _ and a'__' '::' P
' -pul‘su is ganrated on a ru.ordcr len ' ' S

Rcmovu irom the coolant 111:5 gw&.s a dcnorpuon pl.ak eqm! '

111 area, and m the ﬂpp( IEt. dlru.lmn o l])c adborpuon pmk

Smt_e this is belter dcfmcd 1han the adborptmn pl..:.l _

To LHLLE the cahbmllon_ mJu,l a. imowu qudntlty 0! adborbalc. S

_ _mlo Hu. sysu.m sullicient 1o give a pc.ai\ of bnmlar magmludt. to. S
'-'th dcsor;)tm puak and obmm lhc pmpmtmn of gas volumL er__ DS
linit peak area. - C - '

: "l_JS_ nilmgun/huhum ml\lurL, :-_I:b_r_' S

ac.hlcw, i N

_A Flow Lonlrul valvu
: _]3 Dlﬂt.rult:dl Now Lomroilu‘

o C: On-olt. valvc

.D Gas m]u B
L Ormgbuals"' '

~F:Cold rap -

'..G Thermal Lqu1]|blai10n tubu R
“'H: Defector L

I Dlg:;a[ du.play
L Cahbmtmg SLplum
K Samplc cul! :
“L: Self seals qumk LGIH]LCUD[]
" M: Short path ballast :

. N Dcluclm

:-_0 Path selccllon valve

. 'P: Long path ballast
of: the appropriate adsorbate gas with hehum are rt,qum.d within .7 " ong path bailas

" the P/P range 0.05 to 0.30. S
lhc gab dt.tcctor—miegramr should pmv:du b mgnal 1hal is - '

Q: Flow meter -~
_R: Outgassing station . .

one among  various sumblu lypes A"_ S
.rccommuldcd range of =



E _C Hcllum rcscrvmr .

; =~ D Vapour prussure m'mometcr
E: Vacuumair BRI

F To cold’ traps and vacuum pumps

lefusmn bafﬂc

Fig. 3021 S

( =2 Schematlc dngram ofthe vnlumetrlc mcthod_ :
appqratus : : i

'.ﬁ.-32 Method ll ‘the volumetr method
: . hthu volumcmc mellmd (sec Fig. 3 02 ‘?) ‘the rucommcndcdf _
o adsorbate gas. is nltmgen whlch is '1dlmilcd lnlo the wa{.uated'. '
“dpace abovc the pn,v;ously nulg'ls _' d_'powdcr samph, to give a.

: "delmcd cqml:brmm pressure, P of'ihu gas The use of a diluent”

- HI such as hielium; s, [hCTLIOI‘L unncccasary, a]though heilum';'-

.'othur purposus t.uch as lo mea%uru tht,'

i -_REFERENCE MATERIALS :
' Perlodlmliy vcrlfy 'lhu !uncllonm;, “ofithe 1ppdratuq u‘:mg-" _
'tppropmtc rc.it,rn,nc, materials of known sml;lce area; such as
géalumina for: specmc-qurlacc dréa dctummatmn; whlch shouldfﬁ': -
~ have a spu,:hc %ur['acu area smnlal Eo that of lhe smnplc to bL"- R
: u\ammcd _ : L : ORI

"ma)f be: cmployed..l
8 dt.aci volume s

_ﬂmplc, 'Attach the qample mbc to 1hu voiumctl ic wpp'aratus
."Cauuou‘.ly wacuatc the: sampie down to. ‘th ‘epucahud pr_ surc'i
(eg bclwecn 2 Pa and l() P'l) Altel n'ltcly__ some: mslrumunlq"_:
o opufﬂc by evaunhng to’a duhncd r’\tu of prt.ssurc (..hdngk, ((, g
o less than 13 Pa/30 q) 'md hn!dmg Ior a d{,hm.(l perlod of l‘.lmL
bcf‘nrc Lommcncmg thie m:\LstLp '- . R _
: CUIE :he prln(:lp]e of’ opuratlon 01 1hc lnﬁlrumcm rcqulrua the :_5
'.'-ducrmnmmn of 1ht., dmd_voluma ‘i the: bamplu tubc, fori s
'_'examp]a.._hy lhu adm on'of w non—adsnrbud gas, sich as™
. '__"hc,lmm this proct.duru i mrr:cci out 4t this: pomt [bl!owcd by-'. R
: '-3evacuatlon of the’ s*tmp!t, Thu dclcrmm'mon ot r.Eead vo[umc I _
":'.'may be avoided using: difference ‘measurements, that' s, by IR
-l means of rctcrcncc 'md 5ampiu, tubeq connu,lcd by '1 dlﬁu entml iy
'_'."tmnsducur . i S e
Ramc a Dcwar vusscl cont'umng ilqmd mllogcn '1{ I95 8"(, =
Lrups for A, dcf’md pomt on “the mmplc ccll Adtmt a quﬂtuunt .
o volume of adsorbate . gas’ 10 give: ‘the:. lowcst desired -rel: mve'i_ s
prusqure Mcabun, the : volume: 1dsorhui . For: mufl:pomt-'
i measuréments; rc,pedt the: mcasurcmcnt oF l at’ ‘;1|CC(.\.5:V€Iy_"-."_'_. i
h:glu,r P.’Pu vaium.s When mtrogcn is: used as the adqorbﬂtu pas; o
b --'.__."_-_-'P/P.J v'lluLsof() 10, mo, andO30 'lruoltcn suntable :

A Vawum gauge _
: _’_B Nltrogun rcservmr



_ . '-dcpwdmg on’. lhp du’mly of 1he. powdu_r ¢ _
:-_:'-dmmLu.r of lcst ‘sieves) ‘and d1 _u_u'ity in; su.vmg, mly or. olht.r

B "ol an allernative pamci _ o
' Slevmg should be car, ried out meEu' Londttaonb 1hal do ot :
" cause the tcsi aample 1o ‘gain or Jose: mmstun. “The. relative
"humidaty 01 tht. f:nvuonmcnt in Wthh tht. blwmg 1s carrlt.d oui_ _

3 04 Pamcle Size Determ1nat10n

.':'Change the Method 2 to read'

' Method 2 Ana!ytlc.lf Slevmg Method

“*The’ amlytlcaE ‘:mvmg mc.thod isa melhod to estnmte lhi:.

.::.'j.p"utlcfe size! d:str:bunon of powduru:l pharmaceultcal cirugs by

sieving. ’lhc, pdl‘llCEL size detnrmmud by this method is ‘shownas.
o lhc s:zc of'a mm:mum mwc opmmg lhrnugh wlnch !he pdmctu-
* passes. “I’owdu h(.re mt,ans a’ gathu.rmg of: :wmcrous bD]Ed ok

- '.'partlclus - -
& SIL_ mg is one of l}]L uldnst rm.thoch of classrf‘ymg powdel

' -'_._and gmnuks by pdrllL'C size dlslnbul)on When'using a- wown
'u:vmg, thl LsscnuaIEy sorl {hL paruch,s by thelr'f.

, breadth or'width), Mu:hamca]__ Tk 8
'_fdlblr:butlon o! a_

- mlcndl.d fon s Wht,l‘t. ‘at. lmsl 80% of lhc partlclus are: larg:u' _
th:m 75 4m. ”l he size p.smmuh.r mvolwd m_dm.rmmmg, pamclu_.’.f- L
size: d-‘ll;lbuiloﬂ by am!ym_d '
1hc mmlmum bqu*m., dpLNLI:L 1hr0ugh wh-1

g -siev¢ cloth; th
mt;.rmudmlu slze d:mclmon (1

sieving is; most suttable whure Ih(. ma|0r11}' ‘of lht. pamclcq are |

[ :.::Ear;:gr lhan about’ 75 ,um _I‘or smailu pamdus the llght wclg,hl
G durmg sfeving 100y

P prowdu msuﬂlcrcm lo:

: surface: lO!’LL.h ofcohmm] and adiu.smn that (..di.lSC the pxlrt:t.lu_s_ T
h'olhur ﬂ.lld 0 [hL su_vu and lhus cau‘;c pdrt:dcs .'
“that would he mpccicd 10 pass through thu. qlcvu m beretained, -
- For: <;1|Lh malmmls 0thr.r mean of: al,,lmt:on ﬁuch as alr—;u_l'

* 1o -stick 1o

su.vm,g,_ or sonu. ssllmg? mdy be morL appmprm!e chmhulcss

wil) somullmes bc u:.c,d fur SOmE. powdur& or! Lranuk,s' - et
- -havmg 'mt.dmn palmlc sizes - smdlELr:lhdn 75 fpm WhLI’L the
mcthod t_an bu. vahdatud In” pharmancuncal lu'ms. smv:ng ib."""
' __usually the mclhod ol_chmu, tor lehsahmllon ofthe ‘coarser . .
"g,rddt.s m‘ ‘single’ ‘powdersor gr'mulus Ttoisa particu!ar]y gt
durachvc, muthod in that: powdcrs and- gr‘mulu; are classificd

only on thu bd. *. of pamclu sm, 'md m mosl { as&.s lhc .malysxs 5o

Cean bL Larru,d out in the Llry ‘;lalr, :

Among the. hmlldtmm of bu,v:ng leh()d are lhe m.ed lbr an"-:".'

"':"apprccnablu_.-amount ol samp!a, (normqily alleast 25 2

".opc_nmgs Thu mcthoct ns" e%aenlm]ly a two—dlmunhmnal esumaLL

: :'.Et.nglh _
lhu-. mcthod 15 mu.ndt.d [0:

: .On one of lwo b]CVGS

“Estimate the partu.lt. size dlbtrthutlon as dCSCI'Ib(.d undt.r Dry_"-'- '
nless. oliu,nwsu spwlmd 1r1 the . mdtwdual E
. . monogmph W]]LEL dlﬂlcu}:y s cxpuiunced m luauhm;, Ihe ﬁ
. mdlLrld] dou nol. n.ddlly pdb\ through 1hL su,veb) L
or when it is necessary to use the f'ncr t,nd of the sn.wm5 rangu o

N -'S:ewng Me!had

“endpoint {i.e

. '(bciow 75 ,um) 5

-ummn;: muhod

reome. the

-- _;'i‘LST SIEVES

grfxnulu, and the .-

_ leauon oi lhb lolut pamdc_--i_ )
: '_sm. dlbl]‘lbulton of a ﬂ:mg]c mdturml i is not mtendcd lor
w delcrmmduon Df thu propor(mn ul pamdus passmg or. R-lmncd R

jous. LOHSldLI‘dUUn should bc Ewcn to thc use -

T shouid be controiled o prcvent mmsturc uplake or. loss by, the
samp]e ]n tln. absem.e of ewdence ‘to the conlmry, analylmﬁl

o _'tcst s:evmg is raormaily camed at ambient humidity. Any specm] :;: .
condmons thal apply to.2 pamcuhr mdtenal shou]d be dctallcd_-.
in the mdlvadual monograp]}, i :

i .PFIHCIp]ES of Amlyt:cal_Slev:ng_AnaI)rtscaE tesl smvus ara _

S __L011<trucled from. B WOven-wire, mesh, which is of slmple wcaw 0 _' R
_'.that is: aqsumcd 1o give nearly. square 1p;,rtures and is scalgd mlo Sl
i the, babe of an;open, Lylmdﬂcal contamc. - The bthC analyllca[- ;
_1eth0d involves btachmg, the sieves on lup of om, dnothu in.

: ais_cc_nd_ing --'_-de_gree_s Jof coarsene
'-'powdt:j on the lop sieve

zmcl then p]aung 1!16 iestzz_

“The nuai:of sicves.is aub;cc,tcd 10 a. :,landardlzud pumd of %

L 'abslanon and lhul 1hu we:ghl ol"mdluml n.tamud on, uac.h s:r.w__ .
“is accurately dclc:mmud :
o uf powdu in bdth s;e

_I hc tu.,sl glves th

'.l_'o cstimalmg thc, partu,ie blZL._.-__
mglc phammuul]uai powdn.r s gcmraily,"

ieving is the

' L‘1 sn.vcs :smlablc for plmmmwpm,lal lcsls mntorm 10 tht._ f' 3
' Ldlll()ﬂ imcrnatmml Org_imb'lt:_on. _!_orj-'
(]SO) Spuuhcauon ' I

'-.hstt.d m lhn, ]“abh. 3()4]

:cuommundct} m lhc,

; prugrussmn of 1hc an,a 01 th smvc upcnmgb 15 r{:wmmt.nd d -
. ”'tl.. anl ot s;wm is, 1ssuublcd w:lh 1hc coarsusl SLTLLH ai th_-_ L

provrdud in lhc tablc tor LOIWL.I’bEOﬂ pulpmcﬁ uniy] Tt,.st snew.s o
: g .__"'m, madc 1r0m slamluss stu,i or ELSs prch,r‘lbly, from brass or.
: 01 sm. bLLdUbL pdsmgn through lht. b]LVL upcrlurc 19 l‘rcqucntly R ;

- L olhcr 5uzini)!u non- rc.actlvc wire.: SR s
Cahbratmn and recahbfatmn of tcsl s:uvcs is i auuurdancc- :._
“with the most current t.ditson olISO. 331017, Sn.ch shoulcf bc_:_:_ [
' 'cqrclully emmmnd for £ross dlstomons and fmcturcs Lspeualiy S
"al their sc en !ramc_]omts, beioru use. Slwes _may be caltbra{cd
'opmdily 10; cstlmalc the avera;,c opn.mng sizi
: Svar mbmty of the smvc mc.sh Ailunat:vgly, 101 UIL Lvaiuahon of o
_ .;tlu, ctfccuvu openm}: of test. alwa,b in ‘the’ size rangu ot 212 o
850 Jm; blandard Glass f:phm.e Are l\"ﬂl]dblL Unle‘;s Oth!’WlSL :_-

: :SPCLlfILd m lhc mdmdaml monugmph pcrform the sieve

"analy:ns al LO]‘I[I‘O“Ld mom tgmpuraiurc and at dmblull rc]auva_' s
-'_I1u1md11y B I : 5 : :
' Cleanmg Test vaes-——ldcaily 1c51 sieves bhOU[d bu C]Ldm..d L
e _'usmg onEy an ﬂll’_]Ll or a hqu:d blrcam if some '1per1ures u,mam

'-biociud by test pamclu; Laruful gcnlle b1 u*.]un[: may bt. lib
'dlaqt resort, . " AR R S

oy

1_a5

Test Spec:mcn—li lhu tcat spucnmcn Wc,jghl is nol blVEll in 1hu_ :

:wug]u pcrunla&g S

] tu, pdmch. wtil e

e, and opunmg o



L siéve an’llysm muhod it;

_ 'monograph l'nr a partlcuhr matenal Lme a tust spccamt.n havmg
: R walght bctwcen 25:and IOO g depcnd:ng (m ‘the bulk du\alty

. ot the matcnal, and test sfeves: havmg a 200 mm: dlametc.r For:
v '--:76 im sieves the :1mount 0]' ma{cnal that (:fm be 'u:commodated i

BRI f!ppro‘umﬂtely 1/7"' [h’it which’ “can, bL accommoddted ona’

200 ‘mm: sieve: DL{erInE lhe most: appropnalu wclght fnr a

- g:vun lmtcr:al hy test stcvmg aucur’:lcly welghcd spcmmcns of -
i cllﬂcrenl wughts Such ds "5 50 dnd IOO g, ot lhe same tlms.
pcuod of o mu:h'\mcai ‘shaker. [Notc—~ll" 1he tcst rcsults are
: sumlhr for: the 25:p and: 50+ pt:csmcna bulthc 100 g qpu,lmen
. 'shows @ lnwcr pcrcu,nt':gé Ahrough the, Fncst su,\.'c, the 100 -8
X 'spcctmm qm: as 100 hrgc ] Whure on!y S spuumen of 10 to ”5 g
s avallablc snnl]er dismeter. test sicves Lonlorm:ng to the same:

:._'mcsh spum[‘ca[mnb mfly be. subatltutud bt the: t.ndpomt muqt :

Cihe ru—dctcrmmt.d “The mc Gl“tht samples h"ivmg a smaller T m
(eg dnwn (075 g) may: be- nccdud For matcmlb \wlh Iow
“apparent’ parnclc, LELnSIty, or for ’m.rmls mamly compnsmg

' 'pdruclu; 'w:th a hlghly' o-dnmutr:cal shapc spcc1an wughls R
f'cnlcraa are mct (bL(.. Endpomt Deter: mmmmn lmdcr Fest Sievesy,

L below 5 g t"or a:200" mm sc,rccn may bc m,ccssary o avmd
5 L‘(CL-SQ!VC blockmg of the sicve. Durmg vahdatmn 0!‘"1 parucuiar

R _-blockmg w;ll hdw_ hccn 'lddl'(.,‘i‘it,d _ .
=i the test m'ltu‘ml is pmnu o pickmg up oF Iosmg SIgmllcant

' :-_ B _ '1n1oums ofwalc.r wﬂh vqrym}__ humldlty, g lcqt must be carried -
[ out inan appropmtuly LOI‘llI‘Oﬂﬁd anmmmnl Slmli'u Iy, il thc

' imt m'ncrial is i\nown o dtw.lop 'm clu:troslalm chargc. c'lrclul

obbu V'lllOl’l mu&.l bL madc {o énsure; that, t.uch ch'lrgm}, |s' ol
'mﬂm.ncmg the dndlysrs f\n antislatic’ agult f;uch s coflo: _al-

: sm(_on le‘(ldc and/or aiummum U‘(ldc may be nddcd at a O 3.

o -purcunt (m/m) Et.vc,l to mlmmm: {h:s u.ﬂu:i lfboih of lhc abova.

' Agltatlon Methods——-‘}uveml dtchanl mvu dnd powclur
' wlccs mc commu‘:,mlly avmhble ali of' Wthh may

. Endpom- ctermlmtlon——Th'_._- s - slevir
o "Lomplctc when lhe welghi on’ | any Uf 1h

:_ 'Lhe totaE hpecmlun wclght 1s prc%u.n: on F nsieve, thc

' __'cndpmnt Tor that: sieve. s’ incre: ased 1o a wught change’ of not.

'--';'morc than 20% of the prwmus wclghl oit Lhat sicve;

<1 mare coarsc Slc\'t.. intermediate bclween lhat cm’rymg tlle"'
: '_ cxccsswr: welghl and thc ncxt

.' sieves.

_ SIEVING '_ ETHODS
- Mechammt ng:tatwn ;

'expcctud thal lhc problem 0[‘ sucvc -'m'atcnai Tolal Iosm.s must not exce

Dl‘lgll‘l'l] lust spemmen

- mt.(hodology as: 1hat du%nbc,d uudcr thu Dr y S;evmg Merhod
bul w1th a blandmdxzul fur |ut replaung the norm'll agltallon

'blartmg wnh the: i'n
s Alr _[LI, sawmg nl‘u.n mcluclcs lhc use, ol f'ncr test s:eves lhan' b

: '_'tht %pcctmcn is: Ld[‘l’lLd :n 1 vcrtlcally oscﬂhung column of air

I 'mcapahlc nl" g:vmg a mwnmgful ana[ysns

. : .:".'0[ 1he owder in ‘the ai current;; Thls requirenient ma bc har
eI moru th'm SO% ot lh(. tolal qpccnmm vught |s ound on S > r A Y o
e _ 3 Sl ac,h:evc 1! thc mcthod |s used '1t me I0w1.r mcl of' the s:evmg-j g

P fmy ane sieve, unlcss this is mdlcated in: thL monograph thc tcst_'_-' S

hou!d be erealcd but w;th the' addmon to the sieve fiest of; a

"mrscst s:cve iy lhe orlgmak nest;. o
.\ddttion ot the 190 scrics sxev» omlttcd trom th m,sl of'__i'_ e

Dry Slevmg Meth0d~— Farc L%}Ch lesl su,vc 10 lh(.. nmrcst 0. 1 o
Phcc an dccumtcly we:ghul quantity af. tﬂt specimen. on the_'_' R
mp (coarqest) sieve; and placc the: lid: Agualc tlie nest ol" sieves .

: _Z_Ior 5 mmulcs Ehtn C‘ll’LEUi[y rcmove each l‘rom lhe nt.sl wnhout- ERE

foss ol'malc,mi Ro.wug,h Eduh s;cvuq and ds,lu'mmu the wught' L
“of maicrm] ori; eauh sieve; Du[crmmt. lhe wught of material: in: e

:’thu co]lcc.tmg, p1n ina slrm[ar manner. RCdShLmblb thc nest of’_'

- sieves, and agitate for 5 minutes. Remove and weigh each sieve

: rewously dLSCI‘Ide Rupmt ihn,sc su,pa unhl the. cndpo:nt.' L

Upon mmph.lmn of the ;analysis; reconcnlu “the: we:ghts ol“_'-.-'.:.'
‘d-S% 0[ th. wmght of the:

chca{ lhc analysm w1lh Erush spcumun bu( using a 'nglc__' e
qawmg tlmu Lqml 10 tint ol the: Lombmud tlmw uscd 'lbovc

'Con[‘m] lhat this. saevmg tlmL. cnnforms ta the! rcqmrcments for: S

Lndpomi duibrmmauon thn lhl& cndpomt had bl.tn valld'ltcd
*pcc:hc mat(.r:'\] lhcn "x smglc I'\(c(l umc of mwmg mfiy_-_-_
ed lor lulun,' 'm'_\lyscs pmwdmg th pam(.ie _sme.

: sieve, to obtam a paruclc size d;strlbmmn;

T thc' omc‘ srﬂmg 1mthod anest of sieves is: used and lhc'- R

ior powdcrs or granulm when

These. mcihods are. hlghly dcpcndcnt upbn proper dlspersmn"‘ S




N : rdnge (1 €., below 75 ,um) whul the partlcles tend to be more___'-. g '
- .cohcswe and especmlly if thm, is.any tcndency for the materml ERES
to develop an eh.clroslam chargc For ‘the, above TEASONS
encipomt dulcrmmatmn is. pamcuiari _crltlca!,_t'_ itiis very . :
: '-1mportam 1o: confirm ihat lhc. ovursur malena] comprlses smgle' :
_pamclus and is’ m wmposcd of aggr gales -

= "INTERPRETATION : SN
The Taw dfna must mc!udt. the wught of test spcumcn thL. i

‘total s:cvmg llmﬂ. and the pn.usu, 5:evmg methodo]ogy and'the -

sel valm_s lor any V;lrlﬂbit.- paramt.ters inaddition 10 lile wughts EOER

S rutamcd onthe individual: .SICVLS and m thc pan. 1t may . be - .
Convmauni lo. LO]’WLH lhu t'dW (idl‘] mlo il cumu]alwc wught.

- :_'(flS[leullO!], amd if it is debm.d to. L,\pruas [hL dsslnbul:on ino
R 'u.rms ofa cumulalivc wcnght undwwu ‘the. rangc, of b:c.vu; u:ﬂ.' e
-'._shou!d mclud' ; blLVL lhroug,h whu.h all the m.m,rla] passus 1
: _' tht.ru is EVldL]‘l “on any of. 1hL lual sleves that the material ¥
: -runammg on 1t is t.ompusud of aggrc.g'llus f()rnu.d dunng liu,
5 .-smvmg pl ouusa l!u. 'malysts is andl]d I : :

b Addmon.t -miormalmn un-p.lmc,h. size mt..).surmn.m samp]c. §i
'md data ‘umlysns is uvmiah!e for n.\amplc, in ISO.9276. :
2’ Emun.mmml Org,ammt]on lm blmdardualmn {IS0) .‘:pcul:mnon S

ISO 33]0 l h,bl leLs«lu.thai rt.quuumnls and u.s!mg, TR




T’lble 3 04—1 Slzes 01 Standdrd SICVL. bums "n Rﬁngc oflnlerest'

Prmupdl snzes
R0

-Rio

ISO Numm'ﬂ Aperluru T L
. ‘Supplemenmry e US ‘Sncvu. ;

7 ap’m
: Snew, No

R.c?;;::jmmcnd.écl_..' :
CEUSP Sieves

Europum S1cve

o 5‘1(_)',1:‘1_11_:.:-

U388 U355 am

a8

224 ;.;m

11.20mm SO 3 20mm RS lI.ZOmm._-
S IOOOmm_-"." S
: : SUL9S0mm
N RV IE "'900mmj R A e
SR RD0 M 800w
NIRRT IAEL RS 7 t mm T ERE R

B Lo 670 min
et '-'630111m_.'-13."--.---.' i
CUS60mmi o 60 mm: :
B R SN 1111111} SR R Rt
Rl A TS
B PR ARR R 111 | SRDR R e
A0 M 400 e
L S RSSmm Sn
i 335 mm

si60 mni:

Cagomm

G 280mme 2 80mm_-.

280mm
'1-'-210mm’ L

: S 236mm
U200 2,00 mm

: 200 M
<180 mm AR

T R G mm
S AU mim s P
e T LA M e
PR DRI B £ 1111
s R mn e T
SR F 110 T SAIER RN 511 711 | R
o R GO0 M

L0 m'h_1_ .

L0 mm

S s
S 800 M A
R A 11777 SO
Cedum
o 600
D560
ARG
RN 511 71 EOlY

'-'-4”5,[1111:_.'_ LAl
400 i Sk

Y _355,{1’m_' 8
"-‘3[5#:11:-.'

28_0-;::11;" o v
Lo 250 e

250,um-.-."'

- _-'180,um".

e S s
B ERCOTch 1 | 5771 | SRR L
125 im0 128y
e Ty

00w

GUR0m

BRI TS
SRR X 17
CUSG M
T

S A i 45 AT R

R4(}/3 L s (mieransY

800 im

e

s Tl'ﬁ-';l;ii- " : -

500 ,um__ L

R L "_-212,um'."' PR
A Q00 i
18O Em 180

R L 160

._.1.25_“”:":.. Vi

3 .|ﬁ_'ﬁ;u'r_1.i._ :

Ceim

e




M+£&wx

L ERARR

.







'“.#&m;om&wa

5~mam&m% 301@3@&&09;7T&ME$0%,_ 

3;301 #é&ﬁﬁvﬂj Eﬁﬁﬁ S
- xﬁmaufffﬁﬁrwmm mngﬁzmﬁurmm&:gh3

L TBB, - S
L, _Iﬂﬁcmﬂénrmauuﬂujﬁgyr@ﬁ;;f'

3]_'tu¢Ur¢

"frabuaaa IFCALL, G

’w‘&ﬂ&09)7&thﬂu fﬂ“ﬂﬂ$ufﬁm.

o ) _UJﬁ-—;‘n Ml%]&i[}& 7 f?[:'(-/u"ff{ 3’:”%#}-!1\!}0);?»}11#;||J,L_' :

DRI _J.ff:-gd

__-_.__..L.)ULA-!.T:(:II‘{.' JLa-u 3-')'.'__’ _
et ...r'l'U)FHW)/J'““ﬂ*fnﬁ REIE Qe
G YIS o

"b‘uﬁ” :

BRI
LL‘I)“ '}')/J!L/ut“*,r_‘!frli‘_ﬂ o

MwwbhﬁMu v)vLﬂm(w@h)uTTwﬂH¢F3'7

 jEfnuwud W<1ﬁﬁuwnuwvn u.mrrnuu%mauuntﬁ[lfﬁﬁjj
..."-tJ-‘.) (-l:-.. .

WO o J'Hmn@us L.H S

k;!/m 1l p/m]

;M -J i ff ‘hfmfui Jkllf'ﬂi* !~
uwnwme 1_
% Gl

-r/m_l '.: &_‘ L_ ..,_N 11,.“___-_ PR

-
Loay

'—ukuff“

fmmunwmﬂ.

‘:JUJA—ffﬁmLLﬁmmuAnfmmnmwMHmehf:;1-'
A WSE-F B A3 2 90) A LL(st;llJ,un’rr?., (3 lr}) RTINS

E I IR N O L,}d’)n -L_A“LFJUJIE' ')IE 1 i} N.U"h

" fomm%wﬁW£Lw*

,,fi;(xx/uzamnmoaha>
ek S
ﬁﬁmbmmJLWbmnfw&waMWJoAmu

:n}n' 1J| o

5% w¢uﬂfhwwﬁnmnwﬂu¢ww*&v7'

f  f' ﬁM#thhu&btw m“uwmuQHMLfmj[”TV
s 100 y U).atiﬂ )i Jt ﬁ"L o lli'h':.l:lf 20.ml, ALY

_;f/w(m¢1mwm 2 mL) A A N BRI B
L #’.‘rf!mls“im 8 FEEEAT USRI 7 L WD A 2 e
SRIAY rmnﬁwwifmamo¢wvLPqL#;&m#T
(jn mi:},
HU&LMmﬂdutﬁmiLw 5f”]~- S
: FHMJ;EJUJ% ¥ ’U’vff JUU\%'J ¥ N .ui.ﬁ

WD Ak 95 250 ml. BlTehahXit ]5{) mLoBUE
S ku,MHMPLrtmurfmma_tucﬁamr-ﬁ
LEAe T, S0k GO, BUT OW A B s R
71umLﬁbJOnmng/UyyfwﬂﬁmmpgmL#.

jj/lj/{/_-—.;_.-"..

HWHhﬁmMJ!JD$]ﬂ)b Nbsk

RO RO WY N i ) OB A 10 mm: lJ.!U) : S

R Y e 15&&umﬁ~ﬂzﬁﬁ:'



_Ca;aw?%axo&kmﬁxm-'*'“
_uawkm&5,1¢1£
AomLﬂw,momL@wgwm%ﬁo@nkomfm F*is'*t(msm ms: ammmmawménas

J&%ﬁvu,&ﬁ“

A ML) BBt WO
ffﬁﬂﬂﬁﬁﬁP“-wmn,a+mumﬂw

SRS I mL @ 100 mL ARY) Y S RS u!::_"-:".-.'f—qu 2*’0:t44 w0 B ml AXY ‘1 /5’— UWJ‘E'W

LoRTEAD umm”,xXVU/yhmjm#hmmmnwkﬁ'ﬁmw 2'mLy N
S RRLTB s ':'Vj-mwmzmn@m%wa ﬁ¢m+mrw& leuz
. '-'_3""2[1‘: (‘J~ U:r.:‘ : ‘;‘-Y—’T‘ 'L‘é?‘f;?l) e mio DR E A AR J00k15 l“l/l}@i’ )7’11,11”"5‘:«’_4)'_ :

L Lo jf&awc%&m;*w xsz// Mm4m+mpm%m
lflmm U).SxZ:b\’:-JNIJHIT; Eﬂj‘-{j‘:q;‘gﬁ 3- SH v : RSN
'?__wMIH ﬂ%#ﬂﬁﬂ%%kﬁ_ﬁ%ﬁ% NP

YRS ;- ”HM(I)mM“

O ii' -’_Ob\ L’A,L:_L'\. 3 LL l.n ~)
*;xZ/u/V An?nuﬂso uumﬁmnu I

'fmmmnun_

- 7, DRy T g <y 0yt ru /m'- 10 I, 500, Il R U 1250/ 01 % 9 F L, 1 LR Ve
Hwﬂwwfﬂ)7 :

BV

s _ 1: /wnl; o ('rrm zmmuma’ mk, fuf ;n{;r)uun--v“_”i /J 2'ml EE M'CJBJLIL ke H Y Eals e

J:i 16! mum L, —.ua_)y_ R 'l'.'br.L. zusJ",Lﬁh!-Hc')r.

%_m m imLM:

__':'a b, mr = Hw'l;'lw
. .i'll‘ [ InJi'i fs ak lI\kL 4 JJ e _.

=S :’::lré: fn. /1 I’J e 7‘]1”"_
g fUJ_i’;mi bl fr s

S It: |f b') .ﬁwm HH] m.i
":IHI.«) f J”[‘.\/, : |Jl.-|f’|7}f’f’| .w

f,’i;JL/.; 5' '-z f."r*l'ull'] E .'F{illlh'nil/ﬁ “

_Vﬁ}ﬁﬁﬁ?{,*“*; Lo
3 :_I:fil_ _:!'_.0 SEE L :hlilU_Jl'H“;
/St 1 ,i.o')allllil_’U KT i

h,_374¢ 200, fif ¥ ;7LcmwmmflvﬂL A mmmm
‘jfjwbhn'v i&fmtlﬂﬂ)ﬂf wlmMsHDanH
3o ESER TR E Ly o M NS 00, ey znn
'ﬁ'MﬁnamHMJ /wh%bhx. ﬂ®um®
” ;zﬁwimLammmwm&'
9, J'L L ..JU.J"

11S __M_._:.«xc. PHf DL )
s x_"?u m- (1’/1“])

it %‘E;h’ii’ﬁj_t: -;v_».;;_-%/lL';} '

'3mwm¢

”[}mawwmr;-

7iMWmEmﬂwR;
ﬁﬂwm~ﬂ”

'7fmc _Lm aijm'

B /(HLMIL .
i h 5 cwm Tir JﬂfD HER fl"J g
iJ- 1'}41 Rt Rie T AL [#ﬂ__m

<ﬂg;vn Hkl; LUWAIM»HJL¢” f:j~:”

Y fhﬂld |7) L{’)"J LU i Viag M’.U le f!!.’!‘”'dvi”iif'l 1"@.101'-”["’: - Vg r!i Visa: U)h S

il
ff “ﬁ |'] '2! ] _. ": _.Z . .
u;m

#w'ur:'"

,'f/u/v~(m4anW17“f3”
_|j“‘_ ,1,1 LLL :Illm_“i_“_'“i‘_ C 8

mm mmwnukwm I ﬂ)‘mww¢g),5”"”

.rf#u”””

.u't‘{!it'n—umm JLﬂ’)JZ‘J Iz, !’_}H_ am’r_l_L_J\f H’ o




o ; 'L‘.‘.FJ I
BT CEHTED. mtw‘bwti,mjzmﬂ OV,

RN L B,

s '-Ilausnu SIS e 5

ﬁhﬂhiﬁ{& H‘msner .Hﬂi fﬁlhjif\.’ﬁ,gl: j Q",{T}H @Eifl o &
_n&u«hQW-ﬂﬁmwan@RuQ_:”

ﬂiilﬂ]C’)KJﬁL c‘: tc B

' :h.L J: 2 'C’N?NIJ MU UJ&E]?J‘EU Al j’cﬂ:

'&muﬂmu&&u,yrmr< #x&ut5;7#uwm

- '.'Jl]ilLEi’LliA‘f:(wgl} fpdxlqenu_t
'.'__jt”‘c &,”U;;a,.] &’)l‘gnﬁz,'-f.;_:.-

e wﬁﬂﬁ&f&mklofdﬂ?%

100 (Vu V)/Vu

..I ;,.[,iju)) qu]“." B

e

B30I K

RE ETER

: EREN 1713 | SR ¥, W

ol ' iy

3.01-2 WEHE

uLMﬂaﬁZwaﬂrfﬁhJHMHFﬁ  '
Yy ZTHIEOMICEGL Y
. [ iifJ_ﬁﬂ’tL'Jn }}4{ k

L;ucy-ij],n:;

BT

. : (VJ’i I

fiffaop Jurmhﬂm5¢

’i¢m“rmum4m
'_(l’/!) O 005 ~ 030 ORI C. m‘uf)w’rf {Hum
" .'mu TJ]]:!lth ]LHL: (BTT) U‘J’Ui"' mﬂnu\‘) /J TJ D '

&0k EAmmn )

R

OmL [ 55k
L 3BmmAT

35

" 200gm BLE

o

\U
N
N
|
o

-:3m'm

< b'}]\ s “\iu ' k
. HHJ‘JU;) L.Jlf]n L

T DAL DR t nT

CURELB01-3 sk

m,luu,}.w r:f':i:a'.' b_z_-l:_f;g;ti‘r:i_&_;ﬁi_llljﬁ BOSEROL I G

wuns\m»u/dM@Lﬂ'

miiﬁﬁmjﬂﬁi{ruxa@@auﬁyaJﬁ;y]fcyniqz_7_fﬁs

; ;'e ml 1oy 'I* } T fﬁ'm

: 4+ l u'lli i’,n 1-‘0)l;l-ﬁ_
') (T "Jlo 'l"lJJ‘l'WiuL : g

C ; If!IU)lHU)lLMl]l;'ljla‘)J {va alyr \V:I 1]\ Jj) 3 Jl N L Llf‘/.l,:-:..'.'

A, AR B il Ciibin, IU}.MLI nn '

_wmwvr :
.1 EE ""’—1

UJ bk I) 1J|1j,l.::“._]:.,,

ra ManL%f
’ufi um i3 P Ld)ll! ik

gy 4 hJLH'ru.AL“ "“‘%J‘l"l}hr BArs:

mun.ti5



o if n'fMi (0“(: 1013 X1 Pa) mm‘zaw »r.'ﬁai R
'.‘H»ﬁl (mL} 8 _ o

Vet R T AR O }:m
L .-_'.'v'f/'-'alui/lrxﬂ'fko')fﬁﬁ( (mL)
AU B 1 AW AU = Yy

LI J<|mfu’=- 'Ju’si‘i.'num, 1 fr}liil[!-t#&wlfk ;}ﬂr..u-_ JJC{'. .
; .;1” :]:J g Ef!lﬁu’l’!llll'n'”-w)’( thﬁ“ ’bl‘ R

M‘Fwn'_'__' e

pu-i m_'f;fe_'-_:

: ‘“’ f'mr_mL ;
-t‘f’f_"’)nﬁﬂ_'k: lf\_’:) "Cl

nfflﬂ] Hmn f;~ nm ~'u zn cuﬂ-u-: .UJE,‘L/J'.L‘”\.-L.."' f
mfmum.}u: HIWJ Ff m AL 0007 : ;_'.;Ju)w NYMIIE X - Tl unmﬁam i
'l' “C Fm '_'.-_'_|ﬂ|/J ¢ ZuLU |1|Ju 'H'Lz; I '

f%kh%

L_JLHU) nrm‘h M. !/

"”wﬂ,kmlﬁnﬁu l_'b:fnn“CL:‘.: B

Jlivw mum

(i uwm for crm‘«/un,) LA LD RS '-'._"u,,,.u BueCit, ,iunqsm 55T -Jmn; u

7 -‘t‘JL_

o v d)nl,m b

4 lht 5 (m/;r) /J ffu'\.lm_f “ Cul i) ﬁ' w : JJII”H /,j': :

: _w):;,',"

!_'

| _;H o A1 (m) {N. 016
L0195 <1 ”J e o

"'{_f:_:-mzuuf.'c(b,!; JLM' T Vb 0, i /
% UI % &fw L "}'I /w!v&”f Dl |

i {Mi i u z,...nm llL [

MK 'uumu-;ﬁm =
'%awmmMﬂcM1mwn£aﬂ
R LR AW Fa
: "TJ\JH,«EH LU PR A 005 ~ 030 umunm cllg f- =
AR E A ADN IS Y et,”f<ﬁfi
AU R D OO RIE MO R T
SRR B AU RS L
'}?m%thmfmmwdrmmuﬁmm
DL PR HE 005~ 030 DREIING, A
‘“if: ?-mu LnantwaJJaU\_y:;-:*

: w,- :
"n i mn

: :eﬁ__'-_f'.'l"cmlm,I_L«w.-c'n 111’_1!5IJ-.' b
_u,nm V. O f»_

._ '.,:. JLj'Flm'El.t‘t'ut ﬂ ‘. /.) et l_. fJ“

) L'«"?fur REEREE
. _rhfn'm iwu k\na..nl"rﬁ‘%’uo')ﬂlo')rra_'-.'3.". ]

"-a);;—, fL ".r.-_'_

Sk ,anml. R
O ADINES (TR0 SR
mﬂ +f~md',/;-m~» L,u-'f B



. -'..”H ’I/f ?..Jilﬁl}b‘l;'

’ N }\ ¥ 4 "l

= .171"%;2 0 i

A RNy -.-3_K'r"uﬁ_lli;ttﬂ?f.'--'.
D RORRME L b
R 172 s SRR R RBRR A EY

LU AR T I
RO N ) IJ'LV"rJik—ﬂ\MJl o

_':.-l"' g g '-.-'_I' R 'lﬁly!l’il}L}l e
R S L Rt LN B T T S S
LRI e R R MR el

: Lo i ; Y bia rrh”m L

_ lf FERDIRAR, -

lnam)1umﬁwJﬁmmmww-'

' "",é }mmJ u_J._.unJ.' ’unfl_lrb .'Il:{.': i‘;;u.u! i H

i : ﬂﬁ :m LT
' &kuL_.JUWM_.. o
o IL/J FEIEAz L Jiiéul’“’/ :"lnmw}\.;.k cm‘*'/?
._'.IlitmLH‘ IM 'Mv e Y 'LH 1Hu UJJL#”JWJH”'
_ JUCTEFA unh' ks ”JL\
'mn_< eyl wh-l!!fm'r;'lwJllw i
N ..Il?ll J.'~d~rm |11’r
'.-ri .vfu-q*r.h‘!.u’a.- BRI o

._.f_r_..[_r., (' 302-2) E}LJH‘*JL».IU} MHI”' _;.'rb_'l).,"
CEnEb AL bWAl/HLAHEWAMV
PR ):_.r;u\m ~ Y yz J\:_,;_,___
-I'U'UHL'bho L

2

_-”f’HJf ﬁi{w T IJUF}M' lIMU lo#La L

@A
e .-, "t‘l‘lwuhtf ST

SR, 'ul-kJI L Mﬂf‘ = f’llffu”
A '
g

L
; nlU!o‘j
/'u')}ffkl' BRI O
A e
CUHRAAL 'U:'Lﬁl / 4L”U)” B VA Illli;l lm
', ,f,. - Z_||;r X |);",L\ .f/l»'
erke
) [|||h|ri'> Ml'u')_ R
mu LR c.t,,. i SRR

CRBCHILAH AT wpmlvim/w.v,u‘n;w,u)'_-__

A u"f"' 3 : D W

,hu"': VRN
c f\wmm G .=lf/7'
I-ll 3. 02 ht,}f @fﬁ.!ﬂuﬂ
ankmmvwrw<fmrmn wLmMLLHMwJ

W& L, A ko5 = AT L, SO e
AHH%WMRWFWUHU:'Hf.
RIS R (Hln I JJ 10 P;) B LY R e

;»/J U T L S0 031, g ;.ﬂ HERC )R AL 130 5

:.4" l!l B I }"r fl J L L‘f: ]i '1"]""1 “';‘.’:lh.&-{"l Ii?"]‘”;’L l'l‘hl[”.
il ;zwz,.r! Wb \usu\f:_mw 1. oL”h.wauu, »
SRR o HE I R R '_'J‘F‘l ] e L

mMﬁ;mHmﬁmwuhﬂrr;

J)' fx i U) .
'. & "?} Gl :{n o
UJum,Lfﬁ_;t DILATY. WAk
000,020, 030 0 /R ABEC

|T.J“/]|._|I fol ]

mwumawwmmm@wﬁ,f

.mew;ﬁ-T3'"
9L_ fr__Fu o lilll }i;""}"-_F:; H R

’Jln_list'lj._nr R



St WEME@K 3o4mmwm¢mmm2¢:;;uﬂw¢j};_y
_Jrﬁfmm#mmxauﬂwa gj_;h_u B T L
3,04 mERAEE
. :“:‘-211' J\%L‘ﬁ}u’;fz L
S SRAVSHREM, % wfme
S BT, mumun”
LT AMRETH D, A E b '
i '_ m»;m,ﬂ—} BAUROS ":uw)ﬁlj‘e-J f}-'{:gh PR R
R S rm}m_mmﬂwwmu LL/HJ?} u> S
'“*Mﬂféf WALS B D E X BuHFsEn o
BT *c#ma)q l.un’Jr:ca“Hif ik (WIJ,;_;L' |{u,.s) B r,_, il
)5 +‘%El’u__s_\_ Cgiil et




:_ﬁﬁobaLaU“

-'.""_&:75‘(%"/.’) .-'Sw

o _'-l'r'JHJ B O

4,fs®JmuquwLwn4
AL WS E R T

o LLUVS

[j»amtu )

ek,

R
ke T

. - J'(/J’J

o :ﬂm I bj\‘b w ,'J{; J"Hnu L'C“w 'bci'iJfJ\ wﬁr,?h

L RTHERTHEDT, &5mﬁw¢kw%ﬁﬁwuﬁuLtﬂ

B, $%mmﬁf¢5% RN R % 2 1 b VT ORFAL

'Dﬁ-ii;ﬁ'l‘ﬁ‘ CE’)-!.M
CoEw ]*‘HJ&’.Lt‘)»—-/ﬁ'
Vi qu\zu lﬂﬁ}h‘ﬂ-li B st Jo8 73

75 m: x ?J/J\"c lf“l‘

ﬂﬁMdf%hH

”ﬁ:‘-}- JL”p
SRR twwﬁﬂrms AL, B M
”TmaLMJwr}m*nﬁ&Auuﬁkﬁw&ﬁu ;

 &¢&®%% VEMARIRCRT 5, B
gk Ujj'ij,unit /;. b oo.,,um (}’H; v'a'mw U) TJ‘U)LU..!L

n.'b J. ) 15‘ bk rﬂ”

En ok MU S.z,.,uw)l

LY wewe :L;}mmw

o ; S-S HTINE |5/_
 ]leh3lUmA%1HWAkMﬂ]@wL

}JHUHP‘J&AMLMMJ&uLLﬁA
¢v;tjxﬁvV%imrrqu g
LL??") (_

< ll :
_ \LIH F) iil?ﬁ h\fufl\-s-__
) l”'sk_ﬂ‘rtl}::“u i ”

LA L, r‘un L

SRR AﬂﬁwvaMWLAm‘,a ann*]
cod SR BV PO, - u
“;ZJﬁmmonWani@fmsMML<r

i lll-ﬁ.bﬁ‘l‘

: um TSR, BB SRR

' TR Aqﬁhun__ 4
|L@M1LL
UHmeWPH%Lt

ITln, m»"e?'ﬂ‘J‘J l

'  *5LUHJﬂmeFf.
-Nﬁ&fm*nfhu;

. I, ﬂiu;$,41u-oo i

SR, ][S\’.EiJzU)rS"-JL‘U)] [
'”v"mms4m¢mmmmmmuu
BRED . B, He 05D mmmﬂuww
Biare (%) B L TH A BILL 'l‘—UJ
]warw»mhnmamrwwsémqnwn

S TR

i3 /.'714‘ }U‘f} L R LIJ J'?I‘ﬁ}fh e Y faF’"’UJTv ¥, fio3

37;} &u N;ﬁmuJamtm»w%éwwnU%rhq{

- Bt iﬂ,;

. £~_301-1 R L0k H;v\
: A./S'ﬂ!:l:
aum&tw o 1N ;mmit jut.,]f]{m.s\z,wf‘m]fH'
_?M%MWw$ B FRAT L O T 2.
oA 0)1\\;]\&-_!1 41m }LH ‘mm ’*Jlllﬂ I.?l

f/vxwuf@a# Y
.:fT%;mrﬁ“ :
Mﬁ%&wa:o&M%MﬁLﬂB%  
TOLIRBIHLTE, == Y
v79—&®l9¢&tvﬂﬁlbmj 
«ﬁoﬂﬁvWNhowfﬁMmaaQyt,mz
SCBNTHLA e B
HorEE
L/ ._'-_'m' :

” FXHMmWCW#ﬁW3
RN I TR o |

fmmmﬂﬂ:'ﬁ

LB IR TS, 5 v g e 1
B "‘ 1L'C' ik vl s

& 04T dnmiui Lo
40ng4m2d

- ."3'mm @), Suu lnf }f]l:w;.”,;,.
.:_HUJII'J |/7 ) /..J .:
) ﬂMUJA.¢:u1«_'2I_,
_-_..-‘fﬂUJ L H"LL.U‘ 1-. ._ ‘G /11"1}'{‘) PRI N .
ﬁ ﬁfmwamu
Sk oY
vjdurimurn“

ﬁunatnmqf_
'l?ﬁ#m&?
BT
7 wumn

g _wmunnanunuAmemagf
MRS O GRS OB S T b, ek
LD hlb\ﬂ6110)3x4.u»f UTRREE T

ﬁ;mlﬁt
LR M\!H L'CJ:J/J‘I?JFU} '7) . L-U)M.«mi” fdJ‘]‘J'L
ST, JEY,
.NFDS“

;,aamrayﬁfJémb'

_Jf‘-_m_l E7)
ﬂtnw;j
-8 Lt ) 80 % 7’.1 75 5 & iJ ‘k*s U\ﬂq o5 I-L_FJJ“ @ JL__"'. :
_';nw

oy BRSNS "-fumhwun-cjﬂ)
/twt"fl }Huv_),s)am{} A ““IL m,,,_j x_,La)aJn/p,' AL L?l;ﬁ T

PR : Uk E S T
R 4 wrﬁ&wanmc%@¢qcmm e

: ﬂda 5awﬂm%r&w/ﬁ&&$H0~Wms%m#mu

_mtﬁm&4m® ;5

Ay vad ';.AmmrwwerMfme;y;w

-f”“**fMﬁT%%ﬁ@ﬁme%}d&m$%ua37*f
'LDU;HL.U) Fy);;:;rmi{@m_c%q S

»lL.fﬂﬁ &5

sowwmm:wumun

'N;Jmf%"

~ 100

’il\ L k )
5’ U) nthffl'f'Hlb"

LI ]()() j’) " b

n].S /Jll"UI\LZ "} +1Uf /J ”

e . V U)MLHLAJH]L“( .
‘[mawu;ltﬁwm Dk

/'JC

[ U " ﬂ” e ‘A'JV H()() mm .
5!:1'1 ( f‘ ” i”i’ﬂ Iy I U‘
i j“r’lh“h-[l

ﬁﬂﬁs
_-§ /J U‘U')”mz L l) U)I

i{J -iJ/)

‘aM Lﬂklim‘fhlﬂﬂrhﬁ
- :-_"I|J i'[' ﬁj e 3: 1’) 9]“)7“-

Lﬁ}WLWWL&muLfEMJ LEbE

foo
jA&{MK“ﬁﬂ;w\;VLWJ) mPMﬂ7'

LA EIEII LT kv Ikﬂatwlhww'”r
hnuﬂbzmqﬁmmutumLaQ~

PO C R fe i,
b&w-ﬂf'
= U)j" 3‘1 oLbEh‘HJ.L ( Ssah\ih\t = i

l__:#ngcf) Py Lﬂ-_Safab\J}'lH f-ljm (i

‘ﬂh '} ;“‘ l:“

QLT Y AT J!m!_')?!ﬁjiﬁm“ EBWEF
Hv%nwthbMLbfoLP”*dL BRI E S
NRHLM&EOL

Yyt y
w E 3 EAEI O R & T 8 Ak S 5 B C X

Wi L,

o m@&EﬂI&)%w PLﬂLfﬁﬁ'&%w]_-]
' mumML¥Lw£&$mmﬁ&m@'it R TS T
ARG T RERIE L TS WD
-HM%Q4M H%T?%ALH Emetht;w-'“ RETE
850 um- DRI LB”)ZMJUJ‘JH i;\.{;bu?)»fj KRR - .: o ._
BRI BRI wwa/xnzﬁmur%xw ﬁmm'
BRI UD ?abmwm#' :
.mmMﬂmu:r S

“'7+U)1ﬁ~ur¢:y¢;t :l;f._

WE§E: )()t) mm w.s ntﬂ" JIJM\/: uiis"’fb_-'_'
mL!!hUt 200 mm b /:_; Vi . .
{,(.H sl ! /LNI/ U)'HJ[U)..JLH (ﬂ’ﬁ,k“.'-”':- D
mfmr ﬁ:.f'

mnrwAHAMLmAmsgmamuL ]g_,
b U npwmg;n«cmu-“f“

lf"d u’L”'U)-”é{lL “. ) a . .
P

OB L ORI 3 0N

g &UmmhwwMM$4muAihwm.T
VIR D T E AT S B, WA,



S HO304-1 BURTAMUIICHIBMIILOBMETE
S IS0E BRI B S
R rr— Use b2y

s s
USP b2
= (microng)-

-

N

1151 SR T s

e

5 i

T

BN TTITREVRRY 1§ R001)1S AR TRSNE. B

S

AN

ST

FA5 ai: -

LHO Hi i

SN

A

2‘(ll_l_-|u.1i:.:_-

FIR,

A x.mn'.___ o |_u.|'n s SN Sl 000,

an

Mk

miin A T ._'1_-!_(“]:_":“__'

mani

Bonn o

27w

i 00 iy ' VTS T S

o D0

.!'nD(}'_ mri_' L Taiu ﬁm_

.IS()",:'n_n_

TR 1. W\ [V
S0 .
SRS

L AR g CARE Gane o

BRI

: ;i[)fi. ;i.m:_ B

' --..'Eﬁ().m'u- o
ey .!_55[!'.;;1'1_:;. 250 i

A jnti

: 2!2 JinY.




BN TR M
7-LfHNmHElLM\IH

"}LHUJ‘JHU fj ,P‘_gu\

':-Jffs!

-_}JunnmfnurcLLux R ORI
v J’ NhoLbvollc IR L B R AI R P T L 2

e
C l0m

...-'n‘ R /JL— ll At ¢ ‘:"‘-) ”I M:‘ ‘l} "" IIIJ’MLL kY !,

DEE &

- .s.'..m’:}lJH wd!tu);z.wt’wu#. -
LR LR LA O L L B
 _ww“lH]U%} HALAO Gy Pt 22
'7mnu;ammw1uwam¢ ST 9 5 %
gl 0055\ LU 2L % WO T kL )
s i '|'l i HJ;L ) “Hhw
O, o ELE R ANE e #h fl 1 mkllh.a
Ll ”n ;Lil‘_lr\ / JJ|1|'l H KN nb JJ‘U" fl%’ ” ljij
'--._;,:, ;Lumu,s /mum-c. Jll h ﬂlhlll
: ; 'l'!lm ~A(Jf’1 5\/3'\1‘ . ] jl 'l ’),- LTU)HH.‘J fat /J“Jni”'J
B _IH() /'J—- J‘u‘); z,u-v. i JJ||) PO
AV B
):ﬁMmm
__mf(H;:LvMo 1&111&Ld;zﬂu
CAVO LR ST ML uE D ;rJHHbLL 9
'f)LnL97WxA¢)ﬂﬁu)h4u\
-3MJJ -erLWMUdfmuhll AR NTTIS )
S, ML .HTMWwA-HMmeJo
ﬁﬂmﬁm» bL.LKawwm"ﬂm BN T
o5 .S‘Qh‘f Ll} L :’Hlll" Jil/..s uﬂb‘””‘f‘t” 'ﬁ"“ﬂéhﬂh
PR DL I RE T 2O PSR )
wJLAﬁ‘AMthqﬂJQ'lmvmumwmnua
085 WFThE. o i
' ML&J“’MUuLQPUU’WUMTM
AT A D L LA R D I A 1 M 8 g
 ﬂHmuLj&LQD&QP}UMNﬁMUMMWfwwyuﬁ
Rl

{1(: mm

lu_‘._

1l h_i; 24

_ TVBEE R B, =0t o ST OR
e ﬂﬂfmﬁéhguwﬂ%ﬁu B GR A 7

__'T*LU] VJLJOJHL’ }lmw,sww JU Iy~

L’l”/..l I-J oo,
3-/..1‘4‘_

T hn
q&a)a'”

J-. ’JJ} /,L\‘ &) ._

&iﬂ'Wﬂe%m&Uu'uauwwM h_
v i I J-'.b’),‘;.

'-:..UJ " _.
e _o')ll_.l__,_l; L I’.__.Sx Ay

R

Lm0 M0 am 8D ST ERE
SR Sl 100 _ 100 R
A2 I g 1% m 130 U1 L ags g
S : :iﬂ[_i jn BRSO -'.]-l_l)_:'.
. S ._:.'1”“14111.. LT G .
: '_._gn o _:-'-_9_0 oy 170 - :-:":' ;_jg_n_j "'::.':.fl(_)_ '“':_.J'(,ﬁ___ § B
.."50[_11:1_.-. R . ; e = . .
o T Sl
CEbm B Ry BRI
S i ﬁ.i_i e L ; :
SRR 'Ji ,ml_|._'- LTt R . 28
. ) .I'Ill.l. - . . L . .
m:m,_ gt S am s 15 L A
. B :_ I-.l(l ,;tlll . e ’ _. L AT
a s XTI
MV SV S VW £ 8 A (Sl \MJH&JU nmmwu';nuuﬂ!mmtawmnmz"

M\U}J..l {1, lll'b')lf\-’J”i‘ﬂ“;L‘{i‘LJI]b‘n

_:;m-y

Ss) Jl.rm‘l'll' fiyik Sk 'L-'Js{(f Win :
-"’."._‘:"L’;'_ Al.i‘!n ar ﬁ]l«‘f l'l* ‘/)I|i l’h'«:ul/.' A /;b‘u‘l] L.HJJFJ_'L |'l___' _:
-.Hx\,,' 1 Jul{hllﬁl RO RSN '
e D) Y‘ SN !~ ),H"c.x'k. aw’:iﬂ)ﬂ}f}l By LJ‘I‘ £
R A T Ry sou|quﬂ bV C L
.-‘") !’W’Jl"?fkf”]( frigAL R FY AR 'I'“'_‘.._' Thaow A

..nl.{‘l_’i'[,hicf_) :
SR LA R /J: i,
: 11
.:H]L" Jl T L2 uU?J ) f}II’J L‘,.;L' JIE Wk JULW]

. E"-fll4‘| iluj

wi u.r”’.r‘-.'. :
.,s‘;;'n.{

LﬂthMC&@
E./_)'l,\ }'” : .

MRS D o
' ?.S-a>u11}¢rmL9ﬂ0)1 ulfJLi (<75 jim)

-L«wﬂ_ 5 li o R R AR i

. }-”_ ,/._' /
. "IIIJme_u)nu /J.L (li 55) .
-,mnwwanLnlt;Lmewemm16Amn;Am_ﬁf

i l' i Lfﬁf”l.j fJL‘rL"/J J,r,, P

ARk F-H f55i & i f:f_fV)l i,
|l"vl‘ V)5 f.)l:n R e
2 YCrl

mwzmbmbpmnf'
R 2

A,

[] 5 /..JL‘ I ‘,’r't(.fJ"UJj) l"érn__ ¥ "»J”JE’I{’ ”.,_'.l.

r’ L“,F“.-‘:wﬁne’ j}].,./, , UJ»“:H?.

L'nlL“ ” f_l i Ur .

RIS ')_,-'- Pk

0 f—-rlﬁ’_JlJlf‘/bJJ'J.’Ht. ..Jl.flhl "- :

¢Jw-/xvlﬂtvﬁfﬁ'/f'wMH:HﬁMS%'
SRRy
:'L,ﬂbff))}]”l ,aw'u‘l‘l F}H"MUJLJI
TR AR Wl S Ht‘xfIL
ISR &SSO M fricp,
CAIEA I &, g

mewmkiu.

L‘"Jf}:- )/J

Cila o,

- fJU)itlllJ“El

--_,'..'.U)IJ‘LJL; J‘H afi }\ (I _ l;f‘ L
u'TEU*MwH’LmLLwﬁhut&MﬂLfdﬁﬁgmm_”
_.\f);_l]—t}é [f')/u Ll :

'f'\.T.
DI §

?’II”*—V»}J‘}{ or :

w,|/ 3, smu\ L HW“IJIIIUI*# M,
LR R ST L A A B
5 t-—f/l. I!-'J ¥ uﬁh

pwamﬂwﬂMKm
FSDVSTEIIEN, AE i 5
||L|3”LL L 1.)/)'4”.1.’ .

oy
WWM&&&”..
JI]L*LL‘I_' .

I H.l tl’x!ﬂ.uUJ"m\.‘: by fihl"«"‘ S

ulL
’«u)ff JIJU‘ AT

T b 5 YR T D A B b D

wh T O

SOOI



bz mwmxuﬁﬁuMymﬁﬁw&JTaauwfhﬁjf§f "°””
CBLER, ERUES LW TR CRRY 20hEL
BT, IS SR SRS S B e

o y) ‘“C':b 4 ; m»g nﬂ‘ﬂJle&M\Zﬂ\#_ow{ ;‘;,J U‘ﬁ'ITIPL,s
L URWEERMLTL M DB a)ank:b‘rng?éan, TR
"% 55wﬂHuH*M#ﬁw R S

h't'ff‘f‘tfl'hl. wllﬂial}iUv"*—Fi'J‘lUIl I“J’ﬂ i
OISO 9276 l-.:l:h\“(.‘rfljlll T i

_:'3’ Intecsitional: Org lm/\llun for Si mdtrrhmnon (!‘5())1 ‘i] LLkﬁl Al

i JSO 13]0 l Tv',l smvu ]Lchmn'l- rcqu:rununls an: et

m;v S




