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on moist finos, nnd tho totnl cost for roasting low-grndo 
mntcrinl docs not oxcccd 80 conts pcr ton. I n  plncos 
whcro nctunl sniclting is cloiio by rovcrbcrntory, i t  mny bc 
possiblc to  UYO tho wwtc hcnt of thc lettcr for cnrrying out 
a slllphntising ronst, as a smclting rcvcrborntory rcqiiircs 
nn intcnsc hcnt throughout it8 cntirc loiigth to  liqucfy tho 
chnrgc, nnd tho firo gnscs on lav ing  i t  cnrry niorc thnn tho 
dcgrcc of hcnt required for effecting cnlcinntion. 

A chcnp solvent is tho  ninin considern- 
tion ; i t  is possiblc for n enicltcr to  HU ply its own want 
of ncid by crccting a byc-pss  fluc lcncfing t o  nbsorption 
towers filled withconrsc cokcdown which wntcr is trickling. 
Thc ncid SO obtninccl is very dilute, but strong ncid 1s 
irntlcsirnblc in lenching. AH nnothcr source of ncid I rodcl 
suggest the fumc from thc stnck cnd of the fhc, which 
nlwnys contains morc or letis sidphuric nnhydridc. Thus 
in one cnso I found niorc thnn 15 p r  ccnt. SO,, nntl of 
this mntcrinl thcrc wcro ninny tons nvnilnhle. On mixing 
with wntcr nnd decnnting, n strong ncitl is obtnhicd which 
mag bc used t o  strcngthcn the liquor from the tower. ‘I’hc 
roas td  slimc woulcl require but little ncitl ns n consitlcrnblc 
pnrt of thc c o p p r  is ~oliiblc in wntcr. Thus in Expcr. 21, 
70 p r  ccnt. of tho rccowrnble coppcr wns prcwnt ns 
sulphnte. Thc ronrrtcd mntcrinl is clroppcd quite hot into 
a weak liquor, mixing its tcmpcrnturc niicl n s h t h g  soh- 
tion. 

Thc chief soiircc of cxpcnse is the 
iron rcquircd for ceriicntotion ; this niny In, considrrnbly 
rcduccd by using I)rokcn-up low-grn(lo mntto to prccipitntc 
tho coppr .  If nccmwwy the precipitation is coniplctcd 
with scrnp iron in 11 wpnrntc Inimdcr. 

In  thu mnjority of cnws 
thc inipurc prccipitntc ~ O C S  bnck t o  thc blast-furnncc to be 
converted into mntte. 

It is of coursc inipossihlc to  mnkc n 
gencrnl atntcmcnt n s  to  costs, n s  uxpntlituru vnries grcntly 
uccorcling t o  thc country or even district. A t  Nntronn 
(I’n.) thc totnl cost is 81.87 pcr ton of orc;  n t  mother 
plant in tho Western U.S. it  nmouiits t o  $2.96.. Thcsc 
two  plnnts urn the Longri~nicl-Henclcrson process on pyritic 
cintlers. This is clonc nt tho snmc tcnlpcrnturc ns t ho  
sulphntising ronst nntl in n rcvcrlm?mtory or niufllc 
furnnce. No ncitl is ncctlcd, h t  t ho  nmount of sn l t  
rcquired is iJ t o  20 pcr ccnt. of tht. weight of orc trcntcd. 
An npproximntion of thc cost may Iw nrrivcd n t  11s coni- 
piling stntcnients of cost of thc rurious opcrntions nnd of 
tho inithl  cost of tho plnnt diridcd by t h u  number of tons 
trcnted in oiic ycnr:- 

3. Lenching. 

4. Frccipitnthig. 

5. Refining tlic prccipitntc. 

Uoat OJ proewe. 

Initinl colit of plniit ......... 
Collecting sllniee ............. 
Lenching .................... 
YrecipitAtlng nnd collecting ... 
Smelting, reflnlng ............ 
ROa8thg .................... 

...... ...... ...... ...... ...... ...... 

Per ton. .... .$1.50-3.50 .... 0.20 .... 0.40-0.60 .... 1.60 .... 0.00 .... 0.10 

By taking tho nvcrngc of (IICHC figurc6, tho totnl cxpcnscs 
arc found to  bc 85.60. Thus, nssriming thnt nll thc ncid 
nnd iron had t o  bo purchnwd and mnking tho lnnt pny 
for itself a t  tho cnd of tho first yenr, thcro aoul)ci rcninin 
a profit of 81.60, nnd for tho succeeding years $4.10 per 
ton of tho mntcrinl cxpcrimcntcd upon. 

Concerning tho timc rccluircd for trcntmcnt. rcnsting 
nnd leaching man bo donc in 24 hours, whilu prccipitnticn 
takes onc dny or niorc, nccortling to  cnpci ty  ; nntl whilc 
thcro is ncccswrrily nn nccumrilntiori of slimcs about cqunl 
t o  thc qunntity rcquirccl to  fill onc wttling-pond, tho pliint 
cnu copc with tho slimcs nt tho rntc n t  which they nro 
produced in thu mill ; it is renlly pnrt of tho Inttcr. 

In conclusion, I mny mcntion thnt I hnvo npplicd 
roasting nnd lenching by nitric ncitl to  tho copper nnxay of 
pyritic ores. 10 grms. nrc roasted in n porcclnm dish over 
e Bunson burncr for 20 miiiritcs with occosionnl ntirring. 
Aftcr cooling tho dish is covered, 15 C.C. of s!fong nitric 
acid nddcd nnd most of tho ncid ovapornted. l h o  ronstcd 
forrio oxido remains unnttnckd. h k o  up with 10 C.C. 
nitric acid ( I  : I), add hot wntcr, trnnsfnr to n graduated 
200 Bask, Ell up, Elter 100 C.C. and clectrolyso. 
- 

Greenawalt, The Hydrometallurgy of Copper. 

On nccount of tho fcrrio oxido retaining 13 littlo cop r 
tho results nro nbout 0 0 2  p r  ccnt. low, but  kcopidg tEi3 
in mind tho mcthod is vory rapid and has proved oxtrcmcly 
uwful in tcchoicnl work. 

N e e t i t i g  held ut Berlircglon llouac OIL Uonduy,  J u w  2nd. 
1913. 

PROF. W. R. H. l lODClKISSOS IN THE CIIAIR. 

IlEilCTlOSS IS AQUEOUS AXD COLLOIDAL 
SYSTE.\lS. 

IIY W. 1’. DIlEAl’EII, F.1.C. 

Tho prccipitntion of insolublc conipoun(Lq in solutions, 
under conditions whichsomcwhnt roscniblc thwc prcvicusly 
obtninctl in gcLr, hns h c i i  coiisiderctl in order t o  HCO if 
tho rcstr1t.s in tho gels nrc dcpcndcnt upon, or confined 
t o  conditioiu which involvo prccipitntion in such mcdin. 

Tho cxlwriineiitx now recorded involvc prccipitntion 
in solutioiir wlicrct tho rcncting suhtnncca nro contninetl 
in glnw cnpillary tubcs. prcfurnbly sct  in n horizontnl 
position. L)iatrirliing influenccs (cross currents, otc.), 
nrc thus rccluccd to  a minimum, nncl tlic coimc of tho 
rcnctions cnn bc conveniently followed under tho 
microucopc. Ccrtnin insoluble snlts uro prodiiccd by 
slow cliff  usicn in nqiicoiissolutions of stiitnhlc concentration. 
Ono solution is clrnwn up into tho cnpi!I,nry tubo to  its 
totnl lcrib~h, niid tho top cricl senled. 1hc  o p n  ond is 
thcn iiirertecl into n second and lnrgcr onc contnining 
tho other solution. This outcr tubc hnR 8 bulb blown 
nt itu closed untl. which nctn ns nil nclclitioiinl receiver 
for tho neccsunry supply of thc second solution. 

30 40 SO 00 70 80 00 
Distnnca nloiig t u b  I n  mn). 

Tho re.iultx obtninccl undcr thcsc conditions. indicntc 
thtrt tho forinntion of ntrntifictl lnycrd is not nccc~snrily 
duc to thc rcnction tnking plncc in n gcl, but thnt tho 
cliff usion process itself is primarily rctiponsiblo for it. 
Tho strntn obtninccl in aqueous solutions niny bo t.hus 
ns clcnrly dcfincd ns in n gcl. Prccipitntion in tho form 
of sphcrulitca IIIW not yet been observed in tho nhcnco of 
gCh. 

Fio. 1. c- 

Leud chloride.-A cupillnry tubo contnincd n 3 por ccnt. 
lcntl ncctnto solution, nnd tho outor ono a 5 por cont. 
solution of hydrogon chlorido. A t  tho o n ond of tho 
capillnry tubc, tho load chlorido grnduaG prcoipitnbd 
in long nocdlo.nhnpcd crystnla st cortnin inbrvnb. Thcir 
longth end position in tho diroction of tho longth of tbo 
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Length of cryshls 
Ill 111111. 

cnpillnty t u h ,  irr indicntccl in tho tnblcs givcn bclow. 
Thcso worn followed nt dcfinito intorvols b sing10 crystnlti 
of lcncl chlorido, tho intcrvcning spnccs k i n g  frco from 
pmcipitato. Tho forni ’of tho crytitnls obtnincd is sl1own 
in tho nccompunying photo-microgruplui Figs. I, 2, tho 
dirootion of flow of tho outer eoltrtion k i n g  iiiclicntccl by 
nu Arrow. Followhg tho long nccdlo-slin~icd crytitnls 
formod n t  tho cliitnnco niciitioncd, from tho cntrnnco 
of tho t u b ,  tho sing10 cryst111 (Fig. I )  wns ubservccl, which 
ncnrly fillcd tho tubo. I’oysibly owing t o  this, tho ricst 
cryst111 (Fig. 2) took tho distinctiro form ohcrvctl, which 
is wlso hilly dcrclopcd in tlio t icst  nrid fitin1 crystnl: In 
Fig. 3 nro ficcn origiiinl crptnls RS subcqucntly rcniovccl 
from tho tubo. 

Spacc fmrt ceotro Actriol spaca 
to rentro of betacen 
cryatula. crystula. 

I I 
I 

( I ) .  .0.z Il1n1. (?. . 1-a 111111. 
(J)..1.5 mni. 

(4). .0.5 1nn1. 
(2 crystirls) 

(0). . I 4  111111. 

fn). .ow 1nm. 
(7). .0G 111111. 
(8). .0.5 111111. 

p cryatnls) 

(1-2)..>5 mm. 
(2-3). .3.5 niin. 
(3-4). .4*5 ninl. 

(1-5). .5.h nm. 
(5-6). .*5 111111. 

( 6 7 ) .  .6.0 inm. 
(7-81. .P5 mm. - 

llntschek hnn stntcct (this J., 1911, 30, 257) thnt 
npgicgntcs of Icnd mlts of 1.0 mill. dirinictcr linvo been 
obtnincd in ~ c l s  iiiitl thnt “how ciiornious this tiim is, 
iiecd hnrtlly bt: pointcd out to nnyono fnmilinr with tho 
niicroscopic nplwnrnnco of lcntl conipourids prccipitntcd 
froin nqiicous soli~tiorw.” Tlio crystnl (3) in Tnblo A 
of lend chlorido Iind n length of 4.0 iiini. ro thnt such 
Iigitrcs niny Iwt cqunllcd, if not excccdctl, in nqucour 
so l~~t ions  under tho conditioru now recorded (see Fig. 3). 

BlO. 8. 

Lcad ferrocgulunidc.--In a cnliillnry tub0 of 
0.6 mtn. dinin. prccipitntion rnpidly tnkcs plnco. 
und for ronio clistnnco into tho tubu tho tlcjmit 
in grnnulrrr rnthcr thnn crptnllinc. (Fig. 4.) A 
nioro or ICRX tihilrp chnngo thrn tnken plnco nnd 
tho lend ferrooynniclc prccipitntcs i r i  well-formed 
crystnh u p  t o n  length of 0.8 mni. which in somo 
ctrscn ticon1 to occur in stratified bnncl. I n  a 
liner tubo of 0.42 n m .  clinm. ~trnti1icntioii wn6 
niorc proiro~~neecl, nntl rrlticnntcly tho prccipitnto 
i~~cnt i io  ntroiigly crystnllinr. Thero is n tonclency 
for this hcnrj: prccipitnto to  fnll to tho bottom 
of tho tub 111 n grnnulnr atntc, and partly 
obmiro tho stmtificntion. 

Lctrd sa~~iht~fc.-\\‘lic~i this s d t  is fornlcd by 
tho cliffusion 01 6 pcr cent. potnssiuni sulphnto 
iuto 2 per ccnt. lend ncrtntc lioliitiou. stmtificn- 
tioil is very proiioiliicccl. 011  titniitlirig for two 
n i n n t h  n furtlicr chango is olcrveil. Tho 
originill strntiliccl w e n  is ticc~i chI~llgi1ig into a 
inoro crystulli~io forni in Fig. 5. 

Si/vcr ~u/tu.-Up to tliu I I ~ L = E C I ~ ~  tinio no vcry 
cleliriito rcsult hiw I~ccn obtnincd with ciilver 
chloritle, biit ‘ill tho cnso of silvcr fcrrocynnido 
clistiiict titrntilicntion hns bccti obsorvcd. 

Uurirr tit 8u lp/ici/e.--JY~~ tinc t st  rn t i ficn tion hns 
bccn obwrvctt when risiiig n 2 pcr ccnt. eolution 
of bnriuin cliloritio in  tho cnpillnry tubo. nnd n 
5 pcr cont. fiolutiori of potnssiuni srilphnto in 
tho sirrroundinr ono. In this cnso tho intcr- 

Tlio distances bctreoii tho cciitrcs of tho crydnlg in tho 
clircctiott of tho length of tho tiil)c, nro givcn in tho cueo of 
two typical cnses in tho nccompsnyiiiy tublcs nnd ciirvo 
on doliblo lny-q~iirccl pnpr .  Tho rcnctiori in tho tuba 
r n s  goiicrally complcto nfter nii iiitcrvnl of Bvo to  s i s  
tliryti. 

TAULE A. 

Lenptli of crystitla 
In 111111. 

( 1 ) .  . 3  Illlll. 
121. .I I n m .  ._, .. . 
(3). .4 111111. 
(4). .O-7 lam. 
(6). .0.5 Inin. 
17)..1.0 nim. 

S ~ I I C O  froin centro 
to vcntro ol 

crystals. 

(1-2). .0*5 111111. 
(?--a). .8 111111. 
(3-4). .ti*7G IIIIII. 
(1-5). .G*8G I1l111. 
w-7). .n.o 111111. 
(7-8). .7.75 Il1111. 
(8-D). .7.01 Ilt l l l .  
(0-10). .us2 11111l. 

(10-11). .ll*75ninit 

vening tipnccs nru not Yuntircly frco From pnvipitntetl 
biiriu~n snlt, but tho atrntificntion is very distinct. At  
n rotigh ostinintc, tho proportion prcscnt in tho tipnco 
niiglit ba I 0  por ccnt. of thnt prcEcnt in tho riiigs. 
Aftcr n ccrtnin poriod tlio prccipitnto sccnip to  bccomo 
cryhtnllinc. 

III this cnm tho rcnction ~iroccccls differcritly t o  thnt 
in tho lent1 chlorith ox]mrinicnts. \\’orkiilg with potnrfiiuni 
hlllIlhIlfU tho bnriuni sulphnto may bo prccipitntcd !!I nit 
cstrentoly finoly clividccl, or ovcn golntinous, stato. 1 horo 
is no tendo~~oy for i t  to  sottle to tho boltom of tho t u b .  
It occiipies tho wholo nrmn nnd docs riot nppnr crgstrillioo, 
111rt grnnulnr undor a fnirly high porcr (260 dinnl.). 
W ~ I I  thin procipitato hn8 fornied t o  a Ionnth of possibly 
80 nilii. distinct strntificrition ~nny occur within thw nroa. 
This oqwrilnont preLiciits conditions pos~iblo in nntum 
rhero thu siibstnlicm prccipitntcd miry itfiolf nct an n go1 
or itn eqirivnlorit in  i~~duc ing  Rttntificntion on furthor 
iirccipitcrtion,wittrin thntorcn. It isintoresting tocomparo 
tlicso rosults with thoso obtnincd with land chlorido. 

Barium ctirhnafe.-Tho rcsulte obtnincd in this caeo aro 
typicnl, as tho intorroning clcnr spncoe mny be pr’raoticslly 
froo from doposited barium carbonatc. (Fig. 6.) . 

B a  



a80 DREAPER-REACTIONS IN AQUEOUS AND COLLOIDAL SYSTEMS. [July 15,191S. 

Change of physical state in insoluble prccipitatcs.--I~i tho 
pr&enco of a third substnnco (electrolyt o or colloid) 
in sufficient quantity, cortnin rcsulta hnvo h n  obtnincd 
which it would bo difficult to obscrvo in a h t  tubo whcrc 
tho additionnl cross-sectionnl nrca would obscuro tho 
effect. Two casw mny be cited :- 
(a) Tho innor t u b  contnincd 2 pcr cont. barium chlorido 

solution saturated with ammonium chlorido. Tho outcr 
tube 6 por wnt. potnssium sulphato saturated with 
ammonium chlorido. Attho start a copious andopaquo 
procipitato of bnriuni snlt formed, oxtcnding to 8 mm. 
into the capillary t u b .  After 24 hours. this first nrcn 
up to 10 mm. was nppnrontly quito frco from any visiblc 
precipitate of bnriiia nulphnto nlthough thc ncxt section 
of tho t u b  contnincd insolublo snlt. It in probnblo that 
this is not duo to actual migrntion, but is duo to n change 
in tho physicnl stnto of tho prccipitntc. 

Fia. 4. 

(6 )  When 2 per cent.. gulntin was prwcnt in tho 2 Iwr 
cent. barium chloridc solution, siniilnr offcct wan obcrvcd, 
orcopt thnt on 8 mni. opnqiio scctioii of prccipitibtcd salt 
appnrcd to gmilunlly migrntc UJI tho tulw. This uffcct 
ww found to tnku plncc ngninat tho forco of giitvity, 
for whon tho cnpillnry tubes wcro in R vcrtictil I)wilion, 
tho roction p r o g m c d  in tlio niimo niniinor. Tliia might 
bo duo to (a )  direct migration of the precipitutu; ( I )  to 
tho pmcipitata rc.di&olving or (e) changing its physical 
or chemicalstate. 

Fia. 6. 

A abort copilbry tube, 15 mm. in bngth, containing a 
oolumn of the above gel and barium chloride w o  immersed 
In 5 p r  eent. potwsium sulphate solution. Tho usu.1 
Q it (8 mm. in length) formed within a few bourn. 
Td?lcivrpCsd don the tube k v u ,  rw rppuontly 
o h r  apwr ~ i 4  Pt,:untii it rwd witMn 1 .mlp, 

of tho surfnco of tho go1 which mmnincd prmancntly clear. 
On further stnnding, tho opquo arc8 grnduully shortened 
in bngth, and ultimately disappnrcd. Undor tho 
microscop, tho main aron of tho tubo contnincd well 
dofincd lnrgo crystnb oxcopt thnt tho last 1 mm. in which 
tho prccipitnto (opnquo) hod ncvor formod, wns frco from 
thcm. This oxpriment indicates thnt tho opnquo aron 
probably contains n colloidal, or a t  Ionst a finely divided 
procipitnto of dn insolublo bnrium nnlt of such a nnturo, 
that  i t  doos not doposit. This is grndunlly chnngcd into a 
crystnllino salt, and tho nppenrnnco of migration through 
tho column of tho solution or gcl of thiv opnquo area is 
illusory. Tho nctual chango is n rnpid on0 nnd may occur 
nt  nny onu spot within nn hour. 

I n  a furtlicr cxperimcnt whoro tho opnquo column was 
~l10wcd to “ D ~ Y A I ~ C O ”  into tho tubo for n distanco of 
20 mm. tho capillary t u b  was then rcmovcd from tho 

outer solution of pot.msium sulphutc. Tho 
8 nm. column had mniniiicd opnquo and non- 
crystnllino nt 200 dinm. nftcr I4 dnys, nnd did 
not coiitinuo it* ndvnnco into tho t u h .  
Opnquu scctioiui wero cut  out of siuiilnrly 
trcatud cnpillnry tuhcr, nnd placcd in a 5, !wr 
cont. solution of potnnsiuni sulphntc. 1 his 
chango to tho crj-stnllino stato took plnco 
in tho prcsciicu of this furtlier osccss of 
potn&uiu sulphntc. An opnquu scctioii ploccd 
in 3 per cciit. bariuiii chloridu soliilioii rcrntrinccl 
opnquo, ciiid non-crystalliiiu. A photo-iuicro- 
graph uf tho opnquo nrca indicates nn 
oxcecdingly finoly divided rccipitatc. (Fig. 7.) 
Further nction of diffuscf ptnssiirm eulphnto 
solution is nhown i n  Pig. 8. Tho alrricnco 
of Any h o l y  diviclcd prccipitato in tho clcnn 
S ~ C O  following tlio o inquo Arcn indicatos 
tho cornplcto clinngo wliich liar tnkcn plnco 
in tho phpicnl ntato of tho d o p i t c d  snlt. 
Fig. D grcntly cnlnrgcd. rhows D pcculiar 
formntion of tho h r i u m  snlt which for optical 
or othcr rcwons mny nppnr  in stnr-liko for- 
nintion. 

Thoro ir no nctunl inigration,but A p rogmivo  
forinntion of an 8 inin. h i d  or coluniii of nn 
oxtronicly fincly divided, nnd nppnrontly 
non-crptnllirio prccipitnto, which in tho 

i)rL%cncu of furthur ptnusitim xulphatc. spoutnncously 
cllaiigrn into A stroiigly crystnllino oiio. As tho opquo  
scctioii progrcwcn into tliu cnpillnry t t ih ,  n id  coiuoquontly 
ruochcs R point, wlicru tho Imtnsriuin sulphnto solution, 
?ifflining up tho tulm in  moro dilutu, i t  incrcww in lungth 
in somo c n m  1111 to 30 Inni. 

Fia. (1. 

This i8 an intorcsting rocord of a ohango in nil insolublo 
inorganic substanco from the amor horn to tho orystnllinu 
ntnto, within o short period, nltEougli similnr changcfi 
which ocour in organio subtaricon havo oftan been 
oherved and havo beon studied by Hntschok and othors. 
Thb rewtion oddn further weight to tho argument, that 
orylitslline plinercrl, euoh IUI quartz may have boon formed 
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from lb gel of silicio ncid. It lins h e n  ohervcd ns tlic 
opnquo nrca ~ l v a n c c s  into tho capillnry tiila, flint i t  may 
incrcnso from 8 inn!. to 30 mni. if tho solution in tho t u b  
h o m w  w r y  scak in ptrwsium sulphntc. 

Fio. 7. 

An opquc scction, ns it occursinstrntifiention inn 3 nim. 
dinm. tiibc wns cut out nnd ininiersed in potnssium 
sulphnte. In n short time tho opnqiic substance chnnged 
into a crystnllinc one. The rntc of clunge k i n g  obviously 
incnsurnblc under the conditions present. As it lms  h e n  
gcnernlly acknowledged thut the trnntqlsrent tK’CtiO11E 
in gels, nctunlly coritnirr Iirecipitutccl salt. it  iriny eve11 
bc that in some C L L S C ~  nn equnl ninouiit of tlic salt is prcwnt 
in n highly crydnlline form, n s  is evidently tlru cnw in tlu: 
olio now quoted. 

In  tho prewncc of n 5 pur cent. solution of sodiuln 
chloride no further chnnge 111 tlru opliqiie area took place 
during 10 dnys. After tlint time II chnn w occurred of n 
clifferelit order, which intiicntecl tlint t i e  tmriiim milt 
hncl either tnken n stnte of grenter nggr(.gntion. ns jutlgcd 
by thc trnrisl~:ircncy tcst, or hncl Iwcn rernovcd by sollition 
or ot hcrwiw. Under t hc inicrnseopu no nctutil crystnls 
could Iw ob.wrved. 11 certnin clegrcr of strntificntion was 
noticed in the original opque wetion which hns now’ 
I~comu trrinxl~icc~~t. This wns lint noticcd whcn the 
siinie nrcn wns cipnc~~ie, nltlrougli it inny hnvc Iwen present. 

\\‘hen n noliition contrlining 2 p ~ r  writ. lwiriuin chloride 
rind 1 pcr ccnt. gclntin wns set to a length of 30 min. 
in n 3 mm. t u b ,  and 5 Iwr cclit. potnssiuni sulphntc 
solution nllowcd to  rcnct ori both sirrfirces of the gcl frorn 
enrli end of tho t u k ,  two ordinary 8 mm. opaque sections 
were first formed. ‘l‘lie~io grnclunlly ndvnnced townrcls 
cnch other, until they wcru tlivitled by n dintatice of 
:J-& nini. (sec Fig. 10). No furthw notion took plnee, 
exccpt t i n t  ench 8 min. opnc ue wetion gradunlly shortcnctl 
in ~ungtii, nnci wns rcp~uLrlt by a practically trnnapirrnt 
iircn contnining tho ~isiinl crystnls. No prccipitnt ion 
(Jf tiny kind occiirrcd in tho 3 4  mm. ccntral section. 
\Vlicn this wns cut out, nnd lnccd in a 6 per cent. potassiuni 
siilptinto solution, it Was L i d  t o  ~m cntiroly frco from 
biiriuiii cliloride. It mutit have lost its originnl content 
of this substnnco by dillusion in the direction of tho 
incoming fiiilphntc solution. This nction inn in some 
wuy or othor nlso bc relntcd to  thc nction whici p rduccs  
etrntification. 

In  another cnw where 2 per cunt. barium chlorido was 
pruwnt in u 0.0 nun. t u b ,  and both this nnd tliu G pur ccnt. 
otnssiuni sulplurto solution outsidc were tvrturnted with 

&nC1, prucipitntion npprcntly took plucu for n distnncc 
of ,? 111111. 

1 he cluriigo in crystnllinu stnto is uvidently not. duo to tho 
uction of nn olcotrolyb, as such, ns on tlw first preci itnted 
tmriuiu s u ~ p k t o ,  for if ttiia wus so. Liriuiii ctloritiu 
should tlevu a nioro rapid notioii tlurn pohsniuni sulphatu, 
whilu in prnelico tho ulioct produced is hardly obwrved 
iii thu fornior wse, iriicl oiily very slowly wkcii  aodiulii 

chlorido is prewnt. It is prnctioillg confined to tho 
originnl potassinni siilphnto umd, unclcr tho conditions 
rccorclcd. This i n  nn interosting fact, when visuel 
stratificntiov is hi qncstion. It is possiblo t,bat some 
ndditionol chcmicnl churn *c may even ~ I C  involved, and 
~xt msponsibte for tho change in crystaiiino state. It 
m y  IJU ultiinntely found, tliirt nn mid bnrium sulplurto 
1hH,(SO),.2H2O m y  tnke some pnrt in this reaction. 
or clw tho donble hnriiiin potnsniirm sulphnto BnK,(SO,), 
is n t  sonic strigc formed. Under odinnry conditions 
tho lntter in ])repnred by nctunl fusion. Tho possibility 
of tlic fornuition of clonl~lo snlt of potnssium or sodium 
is oliminobd whcrc nirlpliuric ncid itwlf is present in the 
outer t u b  nntl bnriuni chloride in tho inner ono. A 
similar cffcct is produccd in this cnw, but the notion is 
a slowcr one. Tho matter is king followcd up in detail. 

Whcn gclatin is replaced by sodium chloridc, a clear 
spec  nctunlly ruplnccs tho first formed precipitate 
(10 mm.), but this docs not subsequcntly oxtend beyond 
n certain point into n tutw of 0.0 mm. diameter, and the 
dcposit formed is obviously in n different physical condition 
to  tlint obtained in gels. 

Cuuae ojRlmlificcilion.-The cnso with which examination 
is possihlo in cnpillnry tubes, nnd tho low viscosity of the 
solutions which cnn hc employed by this method. renders 
i t  possihlo to show tlurt unequnl or strntificd precipitetim 
is not npprcntly dcpndcnt  upon local conditions. i.c., 
surfnco tension induced by tho wills of tho capillary 
tubcs. After diffusion has procccded SO far that  a aeries 
of stratified sections of lend chlori~le crystals havo been 
deposited in n liermcticnlly senled capillary tubc, the 
system WUY lientetl t o  80” C., when tho lend chloride 
rc-dissolved. On slow coolin rc-crystulliaation took 
plncc, but strntificntion wan a(d‘sent. Tho lead chloride 
prccipitnted in wha t  might be termed a continuous 
ninnncr. Thusn gcncrnl state of super-saturation does not 
in itwlf induce strntificntion in the absence of a direction 
of flow of nt  lenst one of thc rcncting solutions. 

Hatsclielciitntes (ibid) that  the conwntration and nature 
of tho gel in undoubtedly the fnctor which determines 
the form nncl Rim of the crystals.” This may undoubtedly 
be true, but crystnls of varying size cnn also be obtained 
in tho nbscnco of any wcondary gel when working i n  
cnpillary tnbcs, iuicl in thnt cnse, ns possibly in the cam of 
gcls, the rclntivc rntc of diffusion iind concentration of 
thc incoining sohitioii scerns to tw the determining factor. 

FlO. 8. 

If& 01 di4u~ion.--Tho rate of dillusion hps therefore a 
distinot haruigon tlw phyfiicnlcoudition of the prucipituted 
mlt. It in naturally slow under tho conditims w t  out. 
‘Phi8 i w y  bo shown, and octually determined if rcquircd. 
by using a solution of my methyl orange, iu the capillpry 
t u b ,  uiid kyclrogcii chloridu in tb outer one. Ttw 
inHuouw of tho sizn of tho b r u  of tho capillary tube, 
and cons~qucntly of t.ho surfaco uction of th walls of the 
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tube itself in tcrms of diffusion, mny nlso bc stndicd. 
Where n more or less densc or colloidnl prcci itntc is 
formed, this may mntcrinlly rctnrd the process of cfiffusion. 
This wns noticed in the aiso of bzrium sulplintc. 

FIG. 0. 

Ueneral concZtrdions.-Tllc nborc rrsults support t h . ~  
suggestion that tlic nctnnl physicnl stiitc of the pc ip i tn t c  
is primnrily duc t o  modificntions in tlic rntc of tlilfusion 
of tho incoming solution, siicli ns is known to tirko plncc 
in gels of varying conccntrnt ion, untl wliicli nlso occurs 
in nqueoiis solutions in cnpillnry tubes nnilcr tlic conclitions 
now indicated. Thnt altliouyh certain riiriations mny 
bo diie to some inhcrcnt prol'crty in tho structure of 
the gel itself, thc ~ircsrncc of 1111 ~itltlecl gel is not c~sscntiiil 
40 the occurrence of certain plic-nonwna wliich Iirrre bcwi 
observed. Siicli n chnngc of condition nntlcr wliicli t l i r  
prccipitntc is fornircl inicy nlso niodify rc~sults. in nqucoiw 
solutions ns .wen in tho cnsc of lciitl ferrocynnitlc 
where tliu irecipitnto is lirat grnnnlnr nntl tlwn 
fur t~ ic r  up tho t u b ,  cntircly crystirllinv (Fig. 4). fiiirli 
n clinngc inny bo dim to tl is  incrensiiig dilution of tlic 
solution. rctlnced rnte of dilrusion, or liotli. It is 1i(JSSiIJlC* 
thnt this lins some bearing on tho rction of tlycing, tho 
ripenin 1 of photogrnpliic emulsions, Iictting of ceinciits, 
nnd o t ic r  similnr renctionw, whcrc subsequent cluingcs 
in pliy~icnl stntc mny conio into plny. 

Ultinintely thc ~ircsencc. or nbscnce, of ~l~l~crirl i tcs in  11 
minernl deposit nurg dctcrininc wliotlier n gel wns prehcnt 
or not, when certnin niincrnl  deposit^ wero produced, but  
it is now shown tllot a substirnee when prccipitntcd inny 
in itnolf cnuso strntificntiori. Furtlier  itt tempts to ~irocliice 
them sphcrulitos in tho nbscnce of wcondnry ciird innative 
colloids nro being tnndc, cspecinlly in sntnrnted tioliit ions 
of non-reacting clcctrolytrs, which will not interfere with 
tho renction causing prccipitntion. 

In  ono cnno mcntioncd n deposit of lend sulphnte in  11 
cn illnry t u b .  hns shown after a w i d  of G wccks distinct 
in!icntions of siich n formntion, w h l i  hns entirely replncctl 
tlio originnl finely divided procijiitnto over an nren of 
nbout 6-0 mm. Whcthcr this will extend is t i t  present 
unknown. 

Tho cffcct of tho diffusion of snits into, or through, 
n pormunblc medium (xuch ns mntl) niny in viuw of the 
obovc oxpcrimcnts bc nctrrrrlly nnticipirtcd. It niny now 
h nssumcd thnt strntificntion will occur untlcr sncli 
conditions. Sucli exlmrimcnts nrc possiblo wlicro tliu 
intarstices of tho snnd in tho Nirnio corrcspnntl to  tho bore 
of tho cn illnrytubonow used. ExIwrrirnontsarc in pro wsx  
in this Jrcction, with sucli t u b 8  [is hnvo previously !xon 
unod b Drcnpr nnd Dnvin (this J., 1012, 31, 100) iii 
othor &cotions, and thoy Ikhonld give farther direct 
uvidonw thnt such on action is ossiblo. Tho posnibilit 
of such an  action has beon a~mnd; siigpstcd by Hntschoe 

nnd Simon. Such conditions overconic ditlicultics which 
present thcmsclres on gel t~icory lines in estimating tho 
subwqnent effcct of contrnctioii of the gcl nrea on dc- 
Iiydrn tion. 

Strntificntion clocs not nlwnys occur nt 
incrcrising intervnls, in uip~llnry tubes. In 
mnny cnscs i t  oceiirs nt iriicticnllg cqunl 
iiitcrm~s. 111 one as0 (TnLlc U) tho inter- 
vnls miry nppnrcnt]y first incrensc nnd then 
tlccrcnsc. In tho Ilrcsencc of n rcserrc of 
solntion, sutlicient. to  kccp the solutions 
fairly constnnt in composition. strntificiition 
will probnbly occiir nt cqunl intcrw~ls, bnt 
tho influelice of thc products of tlic rcnction 
mny prodncc mrintions. 

In t lic discussion which followed IInt selick's 
pn~'cr(ibid) C .  T. Jiollowng suggested in con 
nection with certnin nnturnl deposits tlirrt 
tlic " grntlunl mecting of two soltit ions 
tlirougli a grl woiiltl esplnin nway ninny 
diflicultics with whfh no other theory 
scenie nblc to cop.  By prccipitntion in 
cipillnry tubes, thcsc! plienonic*nn niriy IJO 
studied. nnd tlic inllncncc of n serontliiry 
gel, on tho forinntion of crrtiiin insolulilo 
d t e  i n  ai/u io colloitlnl mcdin rnny bo 
clrtermined. Also whether it is ncctwiry 
to nssumc thc prcscncc of n gel in cxplnining 
tlio forinntion of strictiliuition in nnturnl 

Possibly tlic conditions in nnturc nro nioro 
clo.+cly rcprcscnted by clrnwing u p  tlic lirst 

solution into tho tnbc to 40 pcr cent. of its length. 
nnd tlien following thh up with, tlic second one for 
a siniilnr distnncc. Tlic '* hmitl is tlicn rcqircsented 
by tho centrc nrcn of lirecipitation, rnther tlinn by a 
inore guncrnl strntilicntion ns obtninccl Iiy the otlicr 
~nethoch. Tlic cciitrc nrca is nho strntilicd i n  IIIIIIIY 
C R S C S .  If tho more giwmil exIhnntion is tlic correct 
one. fionic rciison innst nc.ccssnrily LE piit forwnrtl to 
cxpliiin wliv tlio " I~nncL. i  " nrc so fur apart in nntnrc. 
Estrcnic c~ijntion niny lie tho chief fiictor. 

Tliu Iircscncc of strictifitxl bniiils of alinormnl cry?itsllinc 
Htllto wliicli occiir in nntnrc, inny IJIJ of a siinilar ortlcr to 
tl~o.;c oliivrveti in t lie ciipiIIiiry tn1x-s under tho conditions 
r~:corilcil. Tlins cliliilsion is siitticient to nccoiint for 
tlic ~ilieiioinrtia of bnntlcil tlcposits niid n very 1ironoinicccl 
crystnlliiic? stntc.. witlioiit ncccssurily iwsnniing tho 
presence of non-rcncting grL9. 

IlClJOSit S. 

Fia. 10. 

Tho prcscncc of snntl or n siniilnrly ~~?rmcnGlc iiiorgnnio 
nictliuni will rintnrnlly trllow tho cross soctioiinl nrcn of 
rciiction in aqueous Holutioiin L i n g  oxtendcd indofinitely 
without ~ntitcrinlly inotlifyiiig any tentluircy to strutifice- 
tion. Thus tliu difiusion of soliible stilts from oppcurito 
cliructions which ciin by intarnctiori bring n h t  tho 
formntion of insolublo Rults through or into n ~mrcus 
miiicrnl tlo )wit (or ovcn in thc lcm likely cnsu wlicre 
t ~ i u  nntuml (~cposit contains tho aecond rcngcut, i n  a 
Htntc in whicli it mny bc grnclually soliiblo in tho fimt one) 
with, or without, tho iictunl forinntion of tho Iirccipitnto 
in D gal condition, inn offer D simlilc uxplnnntion of the 
prcsoncc of bnndd c&mits, It is, howovor, ovidont 
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tha t  the prcscnco of n colloid in the solution, influences 
tho normnl distances h twccn  tho bnnds, nnd tho form of 
tho deposits us nhown by Hntsclick. Tho experiments 
in cnpilltiry t u b s  indicntc thnt tlic prcscncu of non- 
roncting or sccondnry gels may in somu cnscs nct t i8 nn 
inhibitnnt ngninvt ntriititicntion, which will not occur 
within n dctinito length of tlic tubu in thcir prcaoncc. 
Tho intlucncc of colh~ids in n HOI condition nrc nko h i n g  
invcutignted. 

\vhcll working in cnp ih ry  tiibcs, the prccipitntw 
or cryskib niny, like thoso of loud chloritle, tiiko IL 
chnrncteristic form, whieli in obvioudy inttucncccl by tho 
dircctiori of tho flow of tbu solution entering tlm 
t u h .  This fnct niuy also possibly bo npplietl t o  tlm 
study of the direction cf forinntion of ntiturnl deposits. 
Tho intcrvcning distnnces btwecn nucli crystnls UH thoso 
of lead cliloridu inay certuiiily increnso us in tlio cnso of 
stratified deposits in gel.. . 1 nni infornictl by hlr. Hatschck 
thnt stratitication hits not yet h c n  observed with lend 
chloride in gelu. 

Strntificution hns h n  the nubjcct of muc? discussion 
sincu Licsognng’s originnl otwcrvntionP. 1 ho rcviiltw 
now obtnined ngrco with thosuggestion thtit thi.. phenomena 
mny tm primorily rcgnrded ns n diffusion phcnoincno, nnd 
in HOIIIC wny (LLH niiggestcd by Wo. Ostwnld) Lo influencccl 
by locnl-siilsrsnturatioii. A supcr-tintiirntcd colrinin 
of lend clilorido niay bo first formed, of increnving con- 
ccntrntion, wliiclr lunch to  clc-solution of tliu insolnblc 
snlt nt  n cortnin point in tlio column of the enclosed liqiiicl. 
‘i’ho first crystol UH formed nupplien n nuelens for further 
locnl dc-solution. TI10 opcrntion tlicn rcconinicnces 
and by diffusion over n furtlier urea in the direction of tlic 
tuLo, CUIISM n flow of tlio outer nol~ition hyond  tho fimt 
deposit, which would rcnch n point where furtlier prccipitn- 
tion b incvitoblo throngli contact with tlrc inner solntion. 
Evon if nupcr-snturntion in tliu ortlinary sctwc of tho word 
doea not occur, tlic letid chloriclc us forniecl is obvioi~qly 
soluble. in tliu tirst instnncc, for only i n  tliis wny can tlru 
intermittent nature of tho prccipitntion IJO accounted 
for, nntt tlio snlJscqucnt incretisc of tlio singlo crystals 
pwscnt nt certain detinitc intcrvnln IJU uxpLined. A 
condition eqiiivnlent to  ono npproncliing sii~mr.sutnrntion 
must b ass~iinecl, or tlie nnlt coiilcl linrdly be thrown ont 
in tho mnnncr intlicotecl. This condition may. or mny not 
npply in tho cano of vcry ii~solub10 coinpouncls, ix.,  
hariuni snll~hntc. 

Tliu nrca of prccipitution in continiit~lly incrcnning over 
the length of the tiilw tind tlieiuforc thu solutions dilhising 
iindcrniiclicoiiilitioi~s UN! ICSH conccntrntcd st nnyonc point 
us tho renction proceccls. This nccoirntn for tlio lengtli 
of tho colunin of tlic intervening clcur nptices ineretising 
tmforc n critictil detiolution point in rcnclietl. In  t i  siinilnr 
nitinner tlic nctuul a r m  of tho optquo prccipitutc of 
barium ~iilpliritu miiy incrctifio in lungtli u s  it  procecda 

Tho siiggcstion put forwiircl by Sir J. J. Thoinson and 
others, tliut tho intervening elcur spnccs iiru cauctl by 
tliu presenco of nolublc products of tliu priinury retiction, 
wliieh inhibit thu forniution of t l ~ u  precipitatu owr n 
cortnin nrcn l i ~  h o n  dcult with in HOIIIU oxporiincntti 
by E. llntsclick. In on0 cuso now mcntionud, tho only 
HOlllblO xoduct formud by tliu rcnction is ucutic ncid, in 
w~iicli t\io ~ c n t ~  cliloridu as prccipitutcd is not riotub~y 
~oliihlu, nnd in wliicli i t  is cnsily fornicd. 

bo 
traced in t u b a  of quitu iiirgu disineter (s-1 mni. {ow) 
whun tliusu nrc HOL ~iorisonttil~y. Csru has to  bo cxurclic!cl 
IM tliu limit IIUH h e n  ncuniingly ruaeliud rit wliiclr sueli 
uotion is possible, in solutions of low viscoaity. 

In  tho cuso of very licovy precipitatcn, suoh ux thnt of 
d v o r  furrooytinidu, tho preuipittitu Hinkn to  tho lowur 
nurfuco in n oapillnry t u b  of ovon 0.7 nim. dininutcr. 
Tho u )par surfncu of tho precipitutcd Huh, howovur 
takun ttiu form of u nuriua of pusks rllnning in thu dircotion 
of tliu lonytlr of tliu eupillury t u b ,  which givoa mnoh tho 
HUIIIU sppnrnnco US strutificatiun. 

Tlioso oxporimcnta uru boiny uxtondcd. Wunt of tinio 
~ I U I  provontud tlieiii h i n g  prusontud in u nioro coin ilutu 
form. T L ~  r m u ~ t s  ulready obtniiiod niuy, tiowovur, L v u  

Ill’ the tulJc. 

Partinl stratiticution in tho tilwxicu of goln nia 

somo gcncral intcrest. ,Tho method cmploycd readily 
adapts itself to tho oxnminetion of reactions which nre 
in nctunl progress. 

DISCUSSION. 
Aftcr somo rcmnrks by thc Chnirmnn, Mr. HATSCREK 

mid thnt the experiments chiefly dcmonstrntcd thut it 
was possiblc t o  get similnr rcsults in n vnricty of wnys. 
Rcnctions in n cnpillnry tube nnd renctions in gclsrcscmblcd 
each other. althougli thc cnpillnry in tho former cnBc wne 
mncroscopic, whereus in gels thcrc wns 8 s stem of 
microscopic or ultra-microscopic cnpi~~nrics. ~ % s s  cn il- 
lnrics lent thcmsclves rcndily to cxnminotion, but tlky 
had rigid walls, whilo tliosc of the gcl structurc were 
rcndily destroyed. 
ninny of the differences in thc results obtnincd by Mr. 
Drcn w a n d  byhimself,nnd, prticulnrly. tha t  itoccounted 
for tho formtion of sphcrulites, which wcrc so readily 
obtninecl in gels, hut hod not h c n  found in tho cnpillnrics. 
On somc minor ~ ~ o i n t e  he was not inclined to ngrcu 
with Slr. Dreapcr ; for onc thing, hc doubted very much 
whether thc barium sulphntc could nt nny stsgo bo 
descrihd ns nmorplioiis. Tho mngnificntion uscd by 
blr. Drenpcr wns quite inndcquntc t o  scttlo this point, 
us mngniticntions of nbout 00 t o  i00 dins. werc ncccssnry 
t o  resolve lend end hnrium prccipitatcs. Hc imngincd 
the bnriuni siilphntc wns crystalline cvcn in thc cnrlicat 
HtUgCR, and tho cliect of the nddccl clectrolytc wns lnrgcly 
the rinunl congohition eticct. The sir.. of lend chlorido 
crystnls wns purely II cinetition of dcgrcc of dilution. ctc.. 
but lie hnd siicccccletl in obtninuig needles of lend clilorido 
15 nim. long in  silicic ncid gel. 110 wns much interested 
in tlie lend fcrrocynnitlc crystnls shown by Mr. Drenpcr, 
RH ho lint1 obtoined nn cntiruly cliUercnt form in ngsr. 
RH shown in his ptipcr rend Lwforc this Scction in 1911. 
‘I’licw vnrintionn were t i  fetiturc of tlie work, us on0 could 
obtniii diffcrcnt forms even by changing tho gcl, i.e., 
difIerent in ngnr and in gelntin. He nskcd wlietlicr 
Blr. Drcnpw hiid iiwd distilled or tn ) wntcr for somc of 
~ i i n  rcncting solutions: ~ i c  lint] olttiined mngnificcnt 
strntificntions of leuel iodiclc. if tnp wntcr wns nwd, wliercnr 
tlicy weru not ncurlp so pcrfect with distilled wnter. 
Posnibly therc WUH intermedinto fornuition of lend 
carbonntc, which gnve risc t o  strntificntions. To 8UggCHt 
tmpcrsuturtition or t i  ncgntivc cntalgat UH n proboblc 
CLIUSD of ntrntificntiolrs, for neither of wliirli direct 
cy‘crimcnttil proof WIIH possilile, wenicd to  him 
simply a vcrl)nl solution, or cvnsion, of tlic clifiiculty. 
Of courw tlic simpler tho nrrnngcments, nnd tliu moru 
disturbing fnctors were eli~ninotetl, tlio rnoro h o p  thero 
wns of gcttingnt the truth, al1.d nincc air. Drenpcr could get 
strtitili~titions without using .n gc1, tha t  wtis .n 
Htcp in nclvnncc. Strntilicntionn by ditiusion UI 
niucli wider tubes litid h e n  obtained by nn Itnliun 
obwrvcr (publisliccl in tlio Kolloid-Ditschr.). Theso 
werc transient mil duo t o  the different rates of 
cliffiinion of thc two ion% of IL highly cfissocinted wlt, u 
tiohtion of which wns plececl in tho bottom of n long 
t u b  uric1 covcwtl wit11 water. As rcgnrded HIOW reactions, 
thcrq wcro tilno tlic ox+inents by onc of tlio Bccquorcls- 

bd in 1000 in tho Zcitnchrift fIir yliysikalisclio s!!i!t 1Iu nllowctl two solutions t o  renct through n 
crnck in glnss, nncl, e.y., with sodium siilpliido nnd cop 
sutplinto, otJttiined tine crystals of coppcr sulpliidu. !iE 
Iiimwlf hncl novcr hod nny ~IICCCSH with metallic sulphiden 
in g~ln ,  rtlthough lie lind tried a good niany. Ho would 
HuggcNt tlint, hlr. Drciipcr should cxpcrimcnt in thnt 
clireetion. Thu nulpliieies writ vcry nttrnctivu ~roblcni, 
t i s  tlioy wuru ntriknigly crynttil~ino in nature, whcrcer i t  
ha11 not h o n  ]iossib~u so fur t o  ObtUill OryStUl8 by 
laboratory mutl1011~. 

Prof. E. d. h111.w referred t o  somo oxprilirollts lie had 
porfornicd mnny years ngo htwccn ylnnn plntcs, without 
gels. Of two ylsta plutcn, tho up *r ]led n emdl  holo 
through wliioli t i  reagent (such UH surihurio acid) could bo 
introduced ; tho p i r ,  which lny ver olow, togotllcr, 
colitn~ied u prccipitunt (sucli 8 coition of turiuin 
uhloritlo). Othur puirs, e.y., furrio clilorido nnd potnssium 
forrocyunitlo, .wuru triccl. Strutillontione woro tlicn 
obtuilled in ribboii.wat,ioli, tho oircular wotiooe h i n g  

He thought this factor might explain * 
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traversed b rndiul lines. It wns onc of the most hnii t iful  
sights in eicmistry t o  scc ribbon after ribbon forniing 
in this wny-t.hc process clelmncling partly on diffusion, 
p rb ly  on flow. The proccss could bo cnrried out on 
nlmost any  scale, nnd showcd detnil b t t c r  thnn when 
performed in rn t u b .  Ho would venture to suggest 
trying tho ~1 exporimcrlts in this manner. But the 
platc~  must truly plane. 

Thc AUTIIOI~, in reply, mid it was interesting to know 
that Mr; Hntachck considercd thnt the rigid structure 
of gels might la tho cnum of tho formtion of true 
apherulitos, and that  this niight nccolint for their non- 
formation in aqueous solutions. He quite a p e d  wlth 
him that  at a highcr nlag~ificotion the barium solphato 
might a p p r  crystnlline. l’hat led to  tlie larger question 
whcther colloids wero not gcnernlly crystallinc in their 
ultimate structure. I n  the cam of lead chlorido and in all 
other caws he had uscd distilled water. Without actually 
knowing anything of Dr. Mills’ work he had prcviously 
worked hotwecn glass plates under a microscope, but had 
found i t  almost impossible to  obtain results of a definite 
order. When working with capillary t u h s ,  onc could 
tro certain of measurements, etc. 

Manchester Seation. - 
&ding held n f  the Nnnehcster Uniwraily on Friday. 

Febrticiry 51h, 1913. - 
’ DR. 0. J. FOWLER IS TIIE CIIAIII. 

THE EFFECT OF INCOXBUS‘i’fBLE DUSTS ON 
SHE EXPLOSION Oh‘ CASES. 

BY PROF. If. XI. DIION. Y.A.. Pk1.D.. F.H.S., ASD COLIN 
CAYPBELL, Y.SC. 

Tho effect of incoinbustible dusts on the oxplosion of 
gnaca is of s ciul interent at tlic preacnt time by rensov of 
the . m c t h x n o w  k i n g  extcnsivcly tried in niines for 
rendering coal-dust non-explosive by mixing it with iriconi- 
buetible dusts. 

On the one hand, tho opinion is held tlurt such inert 

act tlic emno p r t ,  whcn mixed with cod-dust. ns inert 
gaws do wlien inixcd with explosive gns mixtures : on the 
one hand it has h e n  contended thut thu introduction of n 
finely divided solid into a cwlmine might h dangerous 
owing to  its nction in promoting tlie combustion of fire- 
darn upon its surface, nnd in particular the cxpcriments of 
the f,te Sir F. A h 1  havu h e n  quoted as proving tlurt 
dnn er from such cntulytic nction is by no IIIWIIH remote. TL Coininittee up ointcd by the ~ o i n o  o ~ c u  to  carry 
out uxprimcnts on tEe prevention of explosions in mines 
have exumiried this probhm nt their cxjurimcntcrl station 
at Eekmeals both by trinle in a gallery siniilnr t o  tllrrt UWII 
by A M ,  and also by uxplaling ~ U H C H  in t u h s  rind bonih 
with and withont the addition of dusts. Meirnwliile wu 
haw made rnuny Inborntory cxprimcnts here to  test thc3 
question whether thu prcacnce of u “cntalynt,” H U C ~  UH 
platinum, can induce an explosion iii nn otherwiw iioii- 
explosive mixture of gnwa. trnd whetlicr finely divided 
magneein or shale-dust acts catalytically in propgnting 
flame. or merely behaves us an inert rubstnncc. 

According to the kinetic theory, tho niolecules of ib gus 
are in a constant stnte of niotioil, coiiiu~g into collision 
one withanotherand with ttic wnlleof thc containing vcsarl. 
The tomyraturn of the girs depnds  II )on the “ nicnn 
velocity of the moving moleenlea. But t\ierre niotions UIU 
not uniform. At any moment soinu nioleculer are rnoviri * 
faster and others slower thnn the uvurnge. Clerk Mi~xwoh 
bee calcu!atcd that H ~ O U L  2 per wnt. of thu rnoleciiles of 
any gas are moving with a velocity more than twin, tiirrt 
of the m a n  velocity. In  an inflarnniable mixture of 
gaws sueh as electrolytio gar thero is a lriniilar diutrihution 

dusts t4S POWdCrCd H h U k ,  Fuller’s Cllrtll Rnd flUC-dUHt, 

of vclocit ies, so thirt tlicru nru somu hgilrogen nioleculcs 
nioving more qirickly thnn the ot.hcr hrilrogcn niolecules, 
snd nomu nioleciiles of oxygen movinq. nioru quickly 
t.lmn thc other oxg ren molecules. If chcniicnl conibrnation 
bgiris as a result okt~io collisions ktween two of tlieae more 
rnpidly moving molecules of opposito kind which arc 
conipnrntively so fcw in nnmber, thin conibination would 
tako plncc herc and thcrc nt infreqnont intcrmrls, end tho 
hcot guncrntcd would IIC clissipatccl nmong tho IIIIIKR nf the 
yurrountling nioleculen. 

$v]icn such u mixtttrc is hcntecl npnrtiliciitlfy niorc nntl 
more of thc molccrilcs will nio\*c rnpitlly enough to produce 
cfmmicnl combinntion on collision ; nntl finally a stntc 
will bo reached nt which thew collisions arc sufficicutly 
numerous to  ovcrconio thc l o ~ s  of  hcnt by conduction. 
A t  this stage tlic mass of gns as a whole hg ins  to polf-heat, 
i.e., t o  rise in tcnipornture owing to  thc chcrnicnl action 
indcpondently of tlic external sourcc of Iient. This is tho 
’‘ Tcnipernture of Jgnition.” If nothing interferes with 
the fwu motion of tho molecules, tlic number of chemically 
cffectivc collisions increnscs n t  nn cvc*r-increaRing rato nntil 
B Rnmc appears and sprcnclp, through the mixture. &low 
Iho ’‘ Ignition tom virture chemical coinbination is quit0 
RlOW ; abovo t t  i)3nitiorr-tc?mprntirru combination 
incrcnscs in rnpiciity nntil inflaniination occurs : in tho 
tlsma, comhiiintion is very r a ~ k l .  In tlanic the mpidity 
of chemical combination nlay vnr gent ly  : in the most 
intencu: form of !~nme-thnt of t l o  exp~onion-wave-tho 
conibination is almost instantaneous. 

I n  tho ex losion-wavo thc physical prcenuro-wave 
generated by t t c  movement of the nioleculeain thu burning 
layer, is transmitted (by collisions) into the unburnt g a ~ ~  
hyond  and is continually renovntecl by the chernicnl 
action theru set up. The avernge rn lidity of tlic niolecules 
taking lnrt in the r a ~ e  ia no great that  it ia probnblo that 
B large pcrcentugc of tho colliaions htween molecules of an 
opposite kind rcnirlt in chuiniuil cornbuiation.and the &mu 
trsvcls forrurd with tlra forward velocity of the molecules 

In tho transmission of flnnie tlirongh a gas mixture the 
most unual a m  is for a portion only of tho gas t o  h 
ignitcd nnd for the heat so produced to raiw thc t empra -  
turu of the contiguous portion to  the ignition p i n t ,  and 
RO on lnyer by liryer through the mixture. 

But in a niixtiiru of gasen, siich an niethiinc and oic, the 
qunntity of inflirinrnnblc gnu prrwnt niay Iw: insirflicient 
to  irllow tlic fliinie t o  pro igutc itself throughout the 
inixture wlien u portion of t r e  giis is so ruiwd in ternjmn- 
ture by the introduction of n fliinie or quirk. In the 
portion of gus directly liented by contiict with thc Aiiinc 
r!bniicnl union between the iucthune untl ( J X Y ~ I I  nioleeules 
is set II I, and this region of coinbustion is visibb UH it 
lido or W h e n  n sufety- 
lnrnp with lowered flunie is introducetl into an atrnoqihcro 
in which methanu or eoaI-giis is gririlunlly introduced, 
ir delicnto cnp shows in n eone irbovc! tho flanie which 
increows in height nnt l  intensity until it reuc1ic.s the top of 
the lnnip. As tliu niiatnre in tlic Iirnip bcorncn explowisu 
tho flirino cxpuncln at the top nnd creeps down iiiwiilc the 
Iirnip until the whole of the gnum is covered with flnnic. 
irnd the originiil flnnic over tliu wick giwn out for luck of air. 
‘l’hu plicnonienir tlewcrilwcl lire well RCL‘II in the irppnratua 
conetriictecl by hlcssrs. Oldhum for Ininp-tenting. In t hu 
w n e  ir ipnr~itua, fillrd with IA niixture b low tliu explosive. 
limit, tilo niikcrl fhniu of u ttqwr nltows u blue cn ), whiclt 
niiry I= ciini~y cletnrlicti tiy ir rirpici niovcment of ttie t n p .  
Lk!t.uclietl C U ~ H  or “ tlurcs ” of tlirinc niiry thus IKJ fornietl 
which niovc iipwnrds nncl tlio out ufter ir t i m .  Similarly, 
whcn u rnpid curnmt cif  air eontniiiiiifi i~itlrrn~nrirblu gas 
is drirwn IIUHt ir fhniu in it gallery port iyiH of the cap OR thu 
lor-wnrtl sidu of  tliu flanio in~ry IJO tlutaclird and flat 
away u s  “ llaron.” In them cups iriid !larCH visible coin- 
bustmion iH wt  np, but i t  dies down when sopratcd frou, 
thu origiiriil source of licnt h c u ~ ~ s c ~  tlic rutu of chcinicul 
unioii in the tliliitu niixtiiru is not rirpid enough per He to 
miriii(rrin t,liu tunilwrirturu irliove tho ignitinn-point. 

Sinw thit  choiniuiil coinbinntion i l e 1 ~ 1 1 d ~  upon t h  
 collision^ IM!tWI!t!li ni011:cubs of metlwiict ontl tnolueuk!n of 
oxygen. it will ttoevi(1uiit thst, just n w  flicru in II Icrwer-limit 
of nit!thirne nocwsiiry for t Iiu ~~ro~ iu f i~ t io i r  of flunie, an 
thcru tunst JK) n lowor limit of oxygeii i ~ h .  In niixiurea iif 

thCUlWlVeH. 

d cnp ” round tlie snurcu of Iicat. 




