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_ : 5 m;ﬁio_nizgd
: 'E.'_'Plnrmatop{)ua and liu, . S Phammwpua _
i .'!that dre not ha:momj c_icucmarkﬁd wuh b}’mboh (’ -*)

; -_tappud pas.km,f, (.ondsizons mpv.cizva}y Lomc p%ksng }'5,'-3

_ du%muj as the smtc oiﬂamud by pourmq a powder mmple 1:110 a "', me
d(ff”-]-‘"d- o - : ; ;
ywder i MethdZ Me‘tsmcmeutm .1 Voinmeh,r
' _"'_:Appar‘itus

o :_vu;%f wmmul any LOIIbO][ddHO[‘i and m;)pa.d pac,km;: i

7 Constant, dmp ralu unt]l ih'c_. : ar
w,ssr,l hu.mms dImusz LOH‘?MI)I ,:

Buil{ dcns:ty

“The bulk dursbfly of a pcwdtr ]S thc laim 01 thc. mass oi (m--."'
o mplu clﬂd dits vciume un]udmg ﬂu,'__ o

.- -:.ontnlmimn ofthc miuparhculaic vmd vahum Ilmu. ‘the !)u]k': : :
A dcnssty C]Lpb[’idh on’ both the dcn%lly of powdu pm’lm]cs 'md the
: in-the. powder bed, The hu[]\_:' -
o '_'.dcns;iy 1§ ucpu,ssucf in:gramg pu m:lhmu {g/mL) dllhough the
_mlumalzoml enif is kl]ogmm pu Lubm muu _-(1 g/ml IO{)O i

o Lmtdppad powd{.r

_;'Spdih’i] d:mng,uncm nf pdrhclu

s l\;m/m ) because m(, mmsutum‘ {5 are. madu

B may. ;11&0 be m;}russud ll'l ;,mm% pu uubu, mem&r (g,/um

")rcparahun t:u.umcnmn siorag,i. of tl

(N spc,uiy how the determination was mddL
The bulk dumly Uf a: powdu is detel

'-"_menrud

o Method 1: Measurcmcnt in a Gr.lduatui Cy!mder
“_.'Procedure : R 2 :

-Pass '1 quanmy 0{ ;:ch er: mﬂluLm 10 uomplulu thc test

' -Ihwugh <i sieve with aper {ures ymtu 1h(m of cquai to-h, 0 mm
it mcoasary 1o, bsmk up dg,Qmmraius that may !mw, Fo:ml.d
: fmmg, slmagc this musl be done g,czmy 1o avmd Lh"m;,m;, the
e nature of' lhc material. lnlo a: dly graduated cyimd{.r of 250 mL_' e
2 mb), g,u}t!y eroduu, wxllwut compd{:&mg,, :_ S
G appr oxsnmtdy 10(} g of the test sample (i) wughed with 0.1 per -
.1reml§y level the powdu without wmpauung,-” =

{readable 10

weent dcwr&cy

i sqmn, (16,39 f 2, ()0 mL
25, 4 aE () (}7() lnm).f R

The! bulking pmpcrlm 6!" a powﬁu are, dupundcnt upcm th(, i
ampla., ie. “how it wag
__mnd%u% Ihc: pm s(,%u, can be, p(u_l\ul fo have a mng,t, of bulk;:'_'
: Uic,n';mus and, mm eover, the' sltg]nml dlslalrhancc. of the’ powdcr

: ';'.'-bt.d may rcsuit in a dmngcd butk: dulsxty_ ihm ihc buik dcnsnty'_-_ S
“of - powder -is “oflen” very “diflicult 10" mmsurc with good i
: rcpmduubmty 'md n lcp()nmg lhu mults, il is quuﬁnﬂ to'

_ ‘nmad by measunng, lhc: '
volusm of g Rnown mac;c; of powdu samp[c 11at may have been _
.mui throagh a screen, ‘inte A g,mdual(,d £y 1ndu (Mc,lhod 1) ' _'
Coior by ml.asurmb lhc m:m of a kn{}wn vo]ume of powdcr ihat ha&
S heen paqsed though & volumeter into'a’ wp (Mcliwd 2yora e
) .mcasunng ves»ul (Muthnd 3) Méthod 1 and Mcthod % arc:'- R :
g '_Prowdure

vaiamle is !SO mL 1o 25()'mL (apparcnt volumc g,rccner ﬁaan or

-.-__Lquai {060 per ccm of th(, 101'11 vnimm of lhe cy mdu) lhc B
. mass - of ihc. 15t mmplu is ‘?]}C(thll.d in 1§1<: u.pzc‘;%lon oftcsults i R
: I-or tc%t samp]cb havm&, an '1ppnrc,m vnluzm i)uwccn 50 mL'__'."_'--- S

“The appa:’ttus‘ g {I“;g 3 01- I) ‘consists m‘ i %(3p Junnd micd "

: _wnil al, 0 min Q;c,vc._lhc hmnd ns:mommd over g bdmL box"'_ e
= _'-comamsm:, feur glass balik {)lﬂl(ﬁ over which the powder slides o
-and bovnces as it pa”{,s “At the bottom of the baiTie bt)\ s a-'_:-
- funnel_that coilects the powcin.r cm(i dlkaws 40 pour into aleup
--:nmunlcd duu,lly b{,low ;t Hu, u:p mdy be cylmdnm] (”5 00 i‘_.' S
: :'() 05 mL: veiu;m wnih an nmtIL dld;miu ui 3(} ()() £ 2. 00 mm) or ' _
)Iumu wuh snsxdc dnmnslons of"' :

3 () mm s:cvc.'

LU I’owdm iuzmul

bt ;;;im_ o f_m_m_cl_.

B Batﬁcas&.umbly .

* Glass Baffles -

~Sample receiving cup

i .:.._.-f_)_}—.]_:-'V()ll;.l'?l.c.tt.!r:':_'. L gk

Allow dn e*ccus o{ powdu to ﬂow thrmsgh th dppazatu

_ '_lim samplc, ru,uvmg cup until l[OVLl ﬁows nsmg a mmlmum of
28 em®of ‘powder. wuh the, square Lup and 35 Lm of pnwder S
"wnh Uu cy]mdmd[ clip, Careftlly, serape: GxCess powdu' £10m:".’ E
: thu mp of the cup by smooih]y movnu, the Cd‘{:l. ol the bl 1(1(, of e

._xpdtu]a purpt,ndu,ular to and: il contact 'with the 1op sut!acu of
the cup, la]smg, care m’ k_ o p the spdlula ;u.rpcnrinuslar 10 plcvum g
=packmg or aemoval of powde from .the cup Rcmow, any
._malun} hom 1hu sldc, of llm cup and dulcnmn{, lim am% (m) of :
- the powder ‘1o the ‘nearest 0.1 per u_nl ‘Calculate the bulk

S B _"dumiy in g pu mL by the” iormuld iV
St m,u,bs(lry, cmd rcad 1hs, unsettlcd dppaunl volumu (V ) %{) thc R

volutm oi thc cup (md ILCO!(J th. avu <11,L of 3 dc.lurmmauons

in w]mh V{) is lhu'. -




i Lof thl,'powdu 1o the llbdlbbl:

f.lpped df.nsaty : Y : S
~oThe iapped: dcnsl[y is an mc.rmsgd huik dumly attamcd dﬂu i
S m{:chauically tappmg | wnt‘tmu C()nldmmg the powdur *.amph, :
caoviniThe ! Lap;)ed dLl’]S]ly is Ubiamul by mcch’uucally ldppmg ax
[ -gmciuatc,d :masmmg Lyimdu or vu,scl Loutammg th(, powdu :
se ving 1 initial powder volume or anass, the -
' '{_mcasurmg Ly]md{:r or Vbb‘}C] s mﬁulmmtally L.lppcd ’md_ o
' taken, unul little imihu volmm o
: is obsuvud Ehc muchdmcal hlppmg, is. dthLVLdf.
hy rmqmg the cylmdcr or vwsd and ‘tilowmé, it to dmp, under.
: .-f:is DWW ass, 1 spcuilud dlsl‘mca by uthcr of 3 muho(ls as}
w descnbud bciow DCVICC&: tlml miaic lhc cylmdu 0T VLb‘:L[- }
_'111y_.p()r_331i)h, .

. __";dmplc Afler obs

. __mass uh’am:,

'-'lhu véssul a' dcw l'lde lor Mcthod 2 Detumlm. %h

R --.-._qdmplc,s e G

volumc or. Iﬂdbq ibﬁdll’ij;,b dl ;

'__.:_-durmg tdp;)m;, nmy he. pldcrred U mmams/
: _wpamtmn ot th{, m‘m durm;, tappnm, down

-'Method l _
"Appardtus Ll - DT :
_ "Ihu a;}pm 'ztus (ﬁg 3. Oi ’i) comxsts 01 thu in]lowmg

““nominally 250 .15 taps from a I

conforms 1o 1hé

r
N g S
kg _
ESd R
HEIg e
FEE e
S Ry TR
:"m.-g-- R m
: SRR
" EEIES
R i Bt B
. Cylmdcr lf ST

ma% (_fﬂg)) ':
_ A pu u,m by Rubtmcllon ()f %h_r. :
prcvnously dqumm{,d mass -ofithe ‘empty mcasuxmg, vu.m,l L
i C'}lulld{__-th(, bulk dumiy (5,/111L) by the. lnrmula mg/i()() aml:_:
: _' record 1hc ivu_ag_e Qi_ 3 c_iulcrmm.mo__m _u&.;_n;, J:different ;_mwdu o

' 'paoputy ‘Spcuiy 1hc d]op hughi Ml]w ihe msullq

24012 . ihu modlhed tcsl mndmoﬂs .m, Hpcuhud in the_'_-_'
e {,xpnsswn of lhuwuim '

o J_Methm’! 2
"-'P! occd ure -

e 250 mL &zaduatcd Lylmdur {wuéab]c 1o’ 2 mi) w:th a"
'."'='-'m:1%01 2’?0_1:445 el SR AT
| hettlmg '}pparalus Ldpabib oi pmdaunf,, _m I mm C‘,l[th_'
S eipht of 3 & ()2 m, or
.nommalty 300 ok 5 taps imm 4 hcngm of" 442 mm The
quppml fm thn, {bxaéu'ste,d cylmdcr wuh nq lm§dur ims f\ mass of

mct.lmmca! tester pmwdm a mcd Lirup nf
'nmnznal rale 01 25(} Lapb pcr mmulu R

uplmit L

s dimension is
h: that’ ﬂu, “drop
: T Cmeels

spuuizmlmm cand
lh'il, atihe Iuwehi
oint-of: {hé ‘cam, Ahe 2o ot
linder : supporl is ool
“sitting “freely-on fthe -/
. -upper “pael. of [hb
".uml i

_Procedurc

f:it s not Po,ss:bie 10 use a 100 g ‘tost bdmph. uspa recluu.d L

. dmoum ami a sulminh. 100 i bn aduau,d {_ylmdu (:cad.&b%u 0 1 R .

mL) wug,iung 130416 g ami mounlui on a §1o]du wubhmgi '

LXCL}}( “hatihe ;
02 mmala

_":]’mu,{,d:- '%5 dm,nlcd undu Mdiho'd '

"-'-Method 3
“Pr ocuiure

Proucd 'ss LEmulbcd in Lim m{,%l}od fUr mwsurmg, lht, bu%k SRR




densuy usmg 1hc mcasm;ng vc,ssd cqmp;)cd w;%h thu C'xp shown

5 -Me.lsures ofPowdcl Ct;mprcss:bmty T :

~“Because  the. mtupartlcu!aze f_ikido[nons influencing " the ",

-__'hu kmg pr{}pur{zw of a powdcr ar .mtuamons ‘that -

. interfere wxlh powdu f‘low # compdr:san.o _ lhc bulk and 'ppL

"_'.:dc,nszlsck can’ gwc ameasure of the- m]auw, 1mporlancu’ Fthesa o

: _-'mtuacl:éns in a giver 'powder Such a Lompanson is: ()ﬁcn usud_;;‘- :

s an index of the ability-of the powder 1o ﬁow For cmmpic 1hc'_‘ A
B "-(,omplcsszbtlsly Index‘or, the iltmsnu Ralm R :

' “The Cumprcsszbmty Index’ anci_ Ihusmr-
; ':_-'01 the pmpmsliy of a_'powder o bc Lompr ssed as [§L%llde.
-'_‘._-abovc As 1c'_h,_ i y.ﬂ:"_'n1casumb of Uz«, powdcr abilllyio _(_:ttic'_._ I IR

L and dhey, pumd an - as sm{.nt of ‘the ‘relative importance 0f T
2 .:'mtupmnwldu, mluaulons h'-' -J:c,c~ﬂowmg ;Jowd(,r stich
. nteractions -are less, slg,mf“cam and “.the bulk and t'zppui
- __.ldulblil_: will ‘be closer in value. For pocm.r i]owzng mdtcrmls AT

: _-lhuc m, huqmnliy g,x casu' nm,rp:xrtmulaiu mtuaulom md af-

1[10 .are mcaﬁluas :

100(1/0 V.)/V X

'1 un%tllcd appm_nt volumc ERERE

i ._}!f: I]nd] mpp{,d vo]mm

f“fﬂLt:ﬁl_’J_cr_Ra_t_lOC:." 5

- V(;/ V

i)cpu&dmg on lhc. mfumal th&. compxumblmy ;nda,\ LHI] bL g [
duu mm(.d lemg, Vm mxi{,dd of‘ Vo, : )




302 'Spemﬁc Surface Area-
Y Ga's'Adsorptaon

_.C?ba_f?_g_'e_.?i?ﬁ'readf; -

_-._to dctcrmmc 5}}{:uf' ic: snr leC dst (thu, tom% surhu,
' '-_-powdc: per.unit: ma%) of ;111&1':11.1%1!1:&1! p(}wéur bdmpl(.. hy

: -;_-powdcr s’ dctu mxm,d hy physm] ddqorpuon of a o

: :"gas cmrbspnndmg to a mononmluwldl idyu on: ihL blilfdb

- !’hymai dd\mptmn rusuiib from u.laiwdy weak forees (van der
and" thc

- Waals forees) between 1]1&. ‘adsorbate gas molcculu

"-_"_‘mmum of - gas: ad:o:bud can be mmsurf,d by ) vulum' 't
: contmuons ﬂow pm cedure, 5

MUL!I PO!N"i MBJASURLMEN

""-':_adsorpnon tsmhum} 110Ed=; when the T

in uqulllbznsm io: thc voiums, el pas adsorbt,d V

e Py sztﬂi wspeur pnmqurc 01 dsozimtc 5(1:; i u]u:%lbrmm'-'_'::
o -wuh 1he >x1rfdcc at ~195, S“C(b o GI ]l(.]UEd mixo;:u]}, in pasm!s RPN
' ' ' S seriesof powciu samplcb {)f a given. malcnal

%dmm et pru,sun, of! gldqarbaic, Eaa i pftsc‘sls,

I Voiumc of ‘pas adsorbcd At ssaﬂda:d temperature ; lmd'_:'_
zmd almosphurlc pr LbHLi!L (l {)]3 * E{)” Paj, -

" pre: wtc (8T }’) {0“(
“in I}’llﬂilﬂbl“» :

s .-moﬂol'lyct on the bamph, surldu, in m[llllltus

A -adsu;plmn of"lilc d(l"s()l‘b'lib gzis on {he ]mwdu sdmpiu Vi

A vdluc 0$ Vi Js mcasurud ai cach 01 noi luss zhan 3 vahn, 01

' "-'.P/PO lhul l]lul J.Vd]uL

lfl Vn{(r”oﬂ’)" E‘I

L 't]mn 0 ‘)‘)75 thﬂ Ib ,q is nc)l lbss lhdn 0.995. Fr ofm. thL I

:'_mluru,pl wémh is ct;mi to i/(lf’mC
".'__rq,rcssmn ‘malys;a

o The spu,l%u, sur I.xcu, 'm,a dcu,rmmamm mc.lhod isa nu,t.lmd B
‘area’ ol

L -using pas: adsnrption method. Py ]hL spu:l[‘(. surfdcc. azm 0[ o

- surface’ of the solid and by calcyluting the amount of 'uismbatul i

1.-‘ada0:bu]t surface ol ‘the lest’ powdu The :duurmmd{mn Ag
' '-.usualiy c‘mmd mii at’ th(. tumpuaiutc of llq' d nitrogen lhc. S

Wth Ahe g,as 15 phys;cally ddsorbud_ by lhc powdu s‘unp]c L
; ih(, fol%owmg rdauomiup (Bnnmuu I ”unutl dnd Teller (BLI)'*-\_Z _
Vb ptmbum (PH’O) is 5 e
ihe range ( ol 0, 05 10,0, 3{) for, }}ressmu P of thu '1d‘;01ba!c, gds_i-_'

uean) ---m» (wawm@} PPy wvmcf 0y

-Li]‘bt]]TlStdm,Lb z'my be vcrslmd by wmpdung: valuu. of %pbbii]{:_:-: '
' surﬁcc aaca dutummcd by 1he bsngiu pmnl meihod w1t§1 that '
- determined i)y ‘the': mulilplt-poml method _for - ihc, _ .
_ 'powdu samph_s Close snmlldnly bc,lwuul ihL 5mg,§c, pomt_-_-:_'-_ .
< values and muiupicnpmm mlucs suggcsiy that “1/C" approaches R
gero, The qmglu point | method-m: y: be cmpi(}ycd mdsru:t]y for. a:' :

_'.su:u. of" vuy Slmlidt puwéc,r'.:; mples of -amgiven mau,rml foF

-whlch tht, xmluidi constaat C'ss nul m!mliu bul may he

Pt Volumc 05 E-ib adsmhcé al bl P to p;oduc«, an &ppan cnl_-

“C: Dimensionlcss constant timl is related 10 the cnthalpy oi“

o '_ dbbLEmL.d 10 be mvarmm [}ndLr 1hese
' _',_dssouatud with’ thc, bmglc poml ‘method can bc ruluced of -
__-Lllmlil’llbd by using | ‘the mulllplc-pomt method o LleLi'llh C fo: B :

: .'-ont, of the. 5dmpius of the series from thu BET plot, from which 7

- _:q plouut ag,ulnsl P/Pu dccordmg m uquatmn (!) ]hlh plol" o "
( t’i micuhtcd as (1 + s[opef':u!e.tccp!) lhcn Vm is uﬂulldtcd RO

~should yield.a straight line usuaily in the approximate relative
. pressure range 0.05 to' 0.3. The data sire coﬂsxdn.n,d ‘Lccupldblt. i
e Lomlalmn ume'uml r,of the finear’ regression.is nm less "
: ‘ultmg s

‘lincar ‘plot, the slope, which is equal 10 (C - l)/(l C), and the "
a"a:c uvaluat(,d by llnc&r‘

' '_ i)y ihu Lqmtlon

2 ‘%AMPLL PRLPA ?.A'liON
I-'-‘mm lh{:su v‘l!us.s },,, is L'tlcuidlcd dS:

mt}l‘ :
ne adsorbate

“ A mlmmum 'oi 3  d’na pomt

S fd(,c

"lhf. sm;,le—pomz mu!wd may he- empioya.d éuéé't'ly'.“i"‘_ﬁr_'__'1'1'.": S
1'ich' the o

mdluml umsmm C/ s omueh Brmtur than

:_‘ eries n!; :

Cll’CUll?blElll(,C‘a ihb el I‘Oi‘

hom thu qmg,[c, vaEuc 0] Ve muasmul ai a S:IIIE,IL value of Pin :

{{P()/P} o !}[(UC) + (('

: i_)f'C} - (p/,vo)} 4)

|

u"c.a of lhr.,' S




-_'_'_ducphblu fim (
L fumt,asbmg muhods ‘such as the’ dus plzon—dd.

: Beicrc lhc spccrf ic’. suri‘z
.'_ciulermsmd itds nu:c,"'

i) é”ti&.'caxisc,"'
'mls ‘1 lu. outg bsm‘g

s :

: .. : cyc?mb mclhod

En uthcr ‘case; cl{.vatu[ %unpummr_{_"

somcllmus : applicd

-s&mph. R
VI hcaimgj ts unpioyul ihu uwmmundw} §L.1‘anI'dl{ll

-:chmduublu

¥ or uulws&m&

= mt,thod nmy be cmployud

~The sirmdar{[ tcchmqm. 1:; thc adso;ptlon 01 nm ogm at ];quul-
-mim,g,c,n tumpr..tdlmc ; : Co SRAEK AT
‘For: ;}owdf.rs of I()w apccmc qmiacu aren: (x{ 2 m g ) iln._ i

--pmp()rlmn acfsmhud is low En smh {.,dSL& the use of !.rypkm af
Ilqlm% nllmg:,c.n lepudturc.

: from mmbtur(,

: musl be fl

szlmtcly wug,h a quantlty 01 {he tcsl ;mwdc; sm,h that lhc":

Total surface of thu samp]c is at !cabl 1 m? whc,n the adsorbate i i

'Z_mlzogun and 0,5 m® when the. adsofbate ‘s krypmn iowcr R

- quanmms of samplu may be: amd after appropr mtc, v*1l1dalmn

chusc_thu ‘amount of L_'zs adhm‘buc{ ‘under a gm,n pscswr{, 3
‘on dcmmsm;: ‘the lcmpudluru adsotptl(m_'_

_ -ieﬂds ‘to iner
' meastrements - are

usuaily ‘made . al a low u,mpuatun_

: "-'_Mn,asmumnt s pu‘lmm{,d al ~I‘):> 8"L tha, bm]mg pmn[ 0! .
Focdiguid muogjen RN

o Ad%o; ption of gds siwul{l b(, mcasurf_d ulhu by Muhod ] 01.
= _Mcthod I it . S

. .:'.3 1 Method It the dymmu ﬂow methﬁd
the dynamzc flow - mclhod (see Ilg 3.02- l)

3 "memandud a{lsmh.ilu 1:,(15 is dr_y mtr%un or [\rypimz \vlufc,_';"
"-_hchum is un;)lc)ﬂ.d asa diluent “gas, whxch is not" ddsmhcé__'
" under the reconimended conditions. A’ mlmmum of 3 mixtures =0
'- of the appropriate ﬂd‘st)l‘bdl(.. gab wnh hs,lmm are rcqumd wnhm :

'thc Pipg range 0. 05 io 0 3()

- lhc gas dLlLLlO[ mi{.g,mtm b]]()Lild provsdu a quz,nal 1114[ 1‘; .

to . increase. ‘the - rate atn winch thc

- mmdmmams ]a,‘m, thc, sur[;lu. C‘aullon should ba. u\c:msul

';whf.,n omp‘,smg powdur qamplw nsmg Llw.ltul tunpu atutc:; T '
“avoid. dl‘fu.tmg the ndtuu. Df thv., smhu, ami thu lntugrny oi thc o

_' 'nd:
time . of otllga‘.smg areng Eew as posslb]e lo achlcw,- X
af,uu,mc.nt of spuu!u, smhcc. “area '_in s
sitive sampks olim____
_]_])HQ_I_E_L_VLI]I]& -

L preferred because the Jow vapor:
- pressure exerred by this gas gr catly rcduws error. Al sases used

-_C. On- oﬂ”valvc"”_
-_-_.1)_,__(_}(_15_1;3];[ K .

b OIFing'%caii; g
H: Dulwior

E Cniibl’al‘ing, sttLJﬁi

P Long palh ballast
o Q: Flow meter .

':alj;'ji-oxiz11alcly :'p'rdb(')'r{ioné to IhL vo]ume of' thu g,'\s, passmg,_ '
L th:ough ibunder defined uondmens of. tumpualuzc_. nd prnssure: '

h_is‘ purpose, '.'1_1 '_herma 'c'{mduuuvsly cietwlor:wuh ‘an

L,' iblc ;J()Iﬂl

' -'_dctermumtxon dnd swuai Sli(.h m;\lurcs or prumxmg 2 streams -

of: -1_,15 im a m'lupk pmnt dctermnmtmn C’lltl.llﬂil()ﬁ

Ilow controi valvc . '
3. Dsﬂuumal flow commiiu

B Cold rap -
Gt Thermal cqunllbmtxon lul

. TE

“1: Digital dlbﬁ%ay

LK Samplc cell R
,;Sc.li seals qutd\ wnnu,[mn R

3 M Shmt path bal]asl
SN Defegtor -
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