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Rydroge:a. Adaorpdoa oa ZircoaiUJD Borate aad Dio:dcle 

K. B. Klntndbr. A. 8. IDwl, aDd P. ][. Du 

Zl.rooa1u.m bonte Is formed by ~ra~ of bba trfil,ydmte, ZrOR·BA-311'10, at. 4£0" or aboft. 
The oomponnd ZrOR.:S.,Os deoompMM ODIJ -.lightly (1-1'){,) •' 1500~. 

NlllhrZr01 .B1 0 1 D.Or Zr01 lsredooed by hydropa apto 800", bll't oome amotoD~ of the p11 J. adllor
bed. The eo:'-• oC adllorpUoll hu a neptiYe Mu>perdare -mmen. (p&,olaai adoorp*lun b>. ~ DI'JII81 
laUioe). The u:tent. af admrpt.lon il relalbaly IIID&II with respecl tu aluomlum ur m-...- t.o'"n.to. 

l'h.e behaviour of • number a£ meta.l bom\ea in. p:re86ILOe of h,U-.:ogen a.t. a high. tam.
pemture W&B reported ea.rlierl·+, Those of coppsr, nickel, cobalt, and silver were found to 
be reduced to the correepondfng meal, releaaing boron oxide. The reducibility wu more 
or lesa of the MID.e order u that for the corresponding Q][ide. In all the 01L8811, however, 
the OOilBlll!lption of hydrogen waa in e:s:oeaa of the theoretiml requirement for reduo1Jcm 
aooarding to the equation: 

M,.01(B.01). + yH1 .,. dl + sB10 11 + yH.O. 

The exoeM hydrogen 'Wa.!l believed to undergo "activated adsorption". 

Manganese and ohromiom boratess-8 were noi; reduced by hydrogen up~ 800°1 but 
large quantitie11 of the gas were adsorbed. Both ihe bora tea teDd. to deoompoee at high 
fiemperatul"ee. Both the compoundB &re pa.ramagnetic and the 8080eptibili:tell ue 
found to change with adsorption. It WIWI .(MB!ible on the baeia of magnetic meuure
menta to ahow that a. pari of the hydrogen wu ohemiaorbed, but the major part of it wu 
adJiorbed in the la.ttioe. In the pruent investigation, ziroonium boraie baa beau oh.oeen 
as it ia u:peoted oot to be reduood by hydrogen, a.nd il;a e1eoVo.nio lltrooture lndioB'
ltt1ile probability of chemlaorption (Zru: J.-2e•2pl3."3pl3d•D4••4F6) due to oomp1.eM 
d-orbital &nd improbability of tJ-1 promotio.a. Far oompa.rU!on, ziroonium d.ia1id.e baa 
a.Jso been taJum for lltudy. 

Prepa.rat;ion of zirconium borate &tliraoted the attention of & few in~ 
BeCaren.oe had been made on the preparation of oolloidal zirconium borate', but the 
1151lbn&noe wu oot. isola.W in ihe solid &tate. Andrieuxl eleatrolyMd faaed. .r.irooa.ium 
borate. but oo referunoe wu ava.ilable on the ayntheeia &nd iaol&tion of the materiAl. 
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Dry method of syntheaia from th.e oxides appeared difficult as zirconium oxide had 
been lmownD to b:. illBOluble in fuaed boric oxide a.t tomperaturea up to even 14:00°. 
Synliheais by the wet method was therefore adopted. 

EXPERIMENTAL 

ZircoAivm BoriJU 

PrepartJlimi..-ZrO •. B.05 .3H,.O was proparcd by metathesis of zin:onium nitrato 
solution with that of borax, with ex00118 of the latter over tho Rtoichiometrio requirement. 
ZrO (N03 ) 0 .2H.O(B.D.H.)(l3.4g.) and Na.B40 7 .JOH.o (An alaR) (38. I g.) were i!epa.rately 
dissolved in minimum qna.ntities of water. The ziTconinm nitrate BOlution was kept slightly 
acidic to" avoid precipitation of basic compoundll. The BOlutions were mixed together with 
constant stirring. The white gelatinDUB precipitate was filtered under suotion, wa.shed 
thoroughly with 5% and 1% boric acid BO]u~ions in turn, a.nd finally with ethanol. The 
product W8S BUDCeBI!IiveJ.y dried under auction, in & V&cUUID desiccator, and at 110° for 8 m. 
in au eleotrio oven. 

Ziroo.nium was determii16Cl gravimetrioally by precipitation with mandelic acid from 
20% HC1110lution of the borate and iguiting t.he precipitate to ZrO.•a. For t.he determinA
tion of boron, the zirconium wa.a absorbed on Zeo·Ka.rb 225 (H-form), after reducing the 
a.oidi~, and the boric acid in the eluate wa.s t1tra.ted. with co.-free NaOH 110lut.ion in pre
lienee or mannitol''· The composition of the borate, dired at ll0°, OOireaponda to 
ZrO,.. B~03 • 3H10. (Found: Zr, 36.29, 36.41; B, 9.10, 8.96. CaJo. for Zr011• iB.01• 

3H.O: Zr, 36.96; B, 8.77%). 

DM~ t'JM lkeompo.ritioii-.-The borate was he&ted at different temperatures 
in the range of 200° to 600° for 4 hr. It was found that at 200° (Table I) two moleoulea: 
of water were removed and a.t 400°, the pwduot WB8 completely dehydrated a.nd 
cxmformed to the composition ZrO,..B.01 • There wa.a pcactically no deoomposition of 
the borate up to 4:00°, aa shown by the analysis for free boric oxide in methanol extract 
of the produot. At 500" and 600" a.lao, decomposition was only alight, being 2.49% and. 
3.09%, reapeotively. It waa a.lBo noted that highs the temperature at whiab. the borate 
WBB heated, the greater wa.a the difficulty in diasolvi.Dg it. in th6 solutiOJlB of HCI .. 
A500°-h.eated product illinBOlubl6 in HCI {oono.) a.nd even in &qliB regia. The produot 
dehydrated a.t 4:00" (viz., z.ro •. B.08) wa.s used aa the stock sample for the preeent investi
gation. Finely powdered ZrO. (E.Merok.) was DBed. as the o:xide . 

.d.d.wn"p,ioft..-The apparatus for the ad.Borption experim.enliB was the 11&10.8 as uaed in. 
~ earlier investigations&. When t.he desired temperature wae attained in the reaction 11008. 

t.heay&em was evaouateda.ndfl.lled with PJ:Ir& dry hydrogen, the operation befugrepeated 
tbrioe; fl.aally the inside pr8IIB1D"e waa ad.jUBted to that of the atmospherio pnliiRJI"8~ with 
~help of an oil manomekr. The II&Dlple (0.2 g.), oontaio.ed i.a. .. platinum ·boat, :wa.a .now 
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poahed into the reaotion zone (with the help of a. eolenoid) and the progrtiB8 of 5he reaotion 
wu followed from that innanoe by not.hig the deareaBe in the volume of hydroslm &om 
liime to time. 

TABLE I 

Delrdra'iml. of areoM'IUII faorule trill:gthah. 

ZrO •. B.08.3H.O taken= 0.50g. (oonta.iDiag 21.88% H.,O). 
Poriod of dohydr&tion .... 4. hr. 

Temp. :r.o. a!wt. 'Free B.01 found %Zr01 • p.o •. Oompo8tlou.. 
In t.he p~o1;. 

lfo.llol% 0.12% 68.34 13.80 Zr01 .B,O..B 10. 
19.88 O.H 10.81 38.70 
!1.04. 0.18 0.81 38.80 Zr01.B,O, 
1!.04. !.49 Could~ be .u.. App&ndly 

mlwd for anal;pn Zr01 .B,08 

600" IJ.l7 1.09 Do 

TABLB D 

Upla}e.of hydrogen. by rirWKiw:m borate ~awd o:rith at diJJ. 'r.mp. 

zn> •. B.05 talam. = 0.20 g. Zr01 t.a.kon=0.1256 g. Duration of ex pt. ""' 7 hr. 

Temp. H, Uptake %li"roe B,05 in meUlanol erinDt a! the produai; B 1 upt.b anZrO .. 
an Zr-bon.kl. Aft.er H a upi'Ab. Aftclr hm8ug; til- IIIICtiO. 

100'" 1:7.1.ml T,_ T..- 16.0ml 
aoo- 17.1 .. 0.14. 18.9 
&00"' 14.8 0.10 111.7 
&00" 10.1 1.1! 1.10 
eoo• 11.7 1.08 1.10 4:.7 

The ZrO,. samples were thoroughly degaaaed ia liGCIIO in each uperiment and cooled 
in U1e oloaed. ayatem &li one aide of lihe reaotion tube before amdying the hydrogen a.c1Barp. 
tion. 

DISOUSBION 

The uptake of hydrogen 011 0.20 g. a&mplal of the borate waa atud.ied '" different; 
t.emperatlll'I!B betweon 200° ud 600°. Progreaa of hydrogen uptake ali diftatam temperatures 
haB been Bh.ow11 by ourvBB in Fig: I. At .200•, hydrogen upta.ke Bta.rta from the begin
ning, bot gradually alows down &Dd finaiJy beoomee i.mm.euor&bly ll.ow in about 8--'1hr. 
In 7 hr., the liolial uptake ia 17.3 ml, there being two phaaeB in the prooe111 of a.daorpliion at 
t.h.bl temperature. At soo•, the initi&J. uptake i.e IIOIDewhat higher than lihat at 200° &Dd 
equilibrium is nBOhed ea.rliar. In 6 hr., total upta.b i.e 17.1 ml. Ali i00°, lihe same tremi 
is fallowed aDd the total 11ptake is 14:.9 ml in 6 hr. Above thia temperature, adllcuptioo. 
beoomea ~i.qgly slower: 11;UO ml at woo and 6.70 .ml at 600°. 

41. 
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For comparison, similar o.dsorption study wBS made with 0.1266 g. of ZrO. (equi
valent to 0.20 g. Zr01.B~03). The progress of hydrogen uptake at different temperaturee 
with time are shown in Fig. 2. At200°, the uptake is initially high, but it falls off g:raduaJ17; 
equilibrium is attained in 6hr., the total upta.ke being 16.0 m1. The same trend isfol1owed 
at 300° a.nd 400°, but tho volume of hydrogen consumed at. 300° is slightly higher (18.9 ml). 
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FIQ. 1- AcJ-orptioa ofH+ on Zx-0 •. s.o! Rt dill'. t-emp-

110 

0 110 140 
'l'O.•fr- Mlli (IIIia.). 

FIG. 2 Ad:e!lrption of H~ oa. Zl-00 "'' cliff'. temp. 

At 600"', there i.a an induotion pariod of about 2 hr. After t.his t.he adsotption Is &lllo.llowed 
down, being 4.70 ml in 6 hr. Total hythogen upta.ke appears to be more or lesa1imilar'to 
'hat on zirconium borate (Table IT). In Fig. 3 are ahown the equilibrium adsarptioD of 
aydropn em sirconium bomt.e a.nd ziroonilliD dioxide at different temperature._ 11'01' the 
borate ZrO • .B.01 , the adaorptio.n baa a n&gMive liemperatore ooeftlo.ient from ~ 
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upwards. l!'or ZlQ., the adsorption pB8IIel through a. mu:imum a.t 300", titer which thU! 
also ahoWII a. negative tempera.ture ooefticient. 
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00 200" 300" 4(100 !100" 800" 
FIG. 3. VDri~~oiicm of H .. a.Dorption 'trit.b iltmp. 

EB U"pper eane-zrO •• 
0 Lower ,, Z-rO_..B,O,. 

The adsorption on difforen.t berates a..nd oxide~~ bas been oomparcd in Table III. 
The rwolts for manganese a.nd chromium compounds have been quoted from earlisr work506• 

In the Dll.lle ofmanganaae borate, tbe positive tempemtnre coefficient of adsorption indioates 
the prominence of obemieorption. Chemisorption involves the formation of aurface boDda 
with ci-orbitala (either originally unfilled OT made so through ri-a promotion) in the ca.ae 
of"tm.DIIition mfltalH, their oxides a.nd, by a.na.logy, their boratea. In the c:&lle of chromium 
borate, although chemi110rption became more prominent with increase of temperature, Ule 
proportion of'phyaica.l a.cDorption being more, the overall effect 'WB.8 a. negative temperature 
ooe:ffioieDt fur the uptake of hydrogen. In the case of chromium MBqD ioxide, the over aD 
effect was lll&l:imum &t 500", after which it showed a. decreasing tendency. In the case 
of' :tirconiom bo1a.te, the electronic structure does not indicate a.ny vacant d-or-bital a.nd 
the proba.bililiy of d-• promotion is also BID&ll. lJWidentally, in the oue of sir
conium borate a.nd a.l~ of the dioxide, the upta.k~ is more or less by phyeil"aJ. adsorption 
imllde the Cl'yat.allalit ioe. This expla.in11 the negative l.empera.tme coeffoient of the adaorp
tion. Tho maximum at 300" in the case of the zirconium dioxide may be due lio ki~ic 
facto~. 

TABLE m 
Oompari.ton of h~ ad«wbed 011 rli.JI, boratu Gild ~a. 

Bora. tea t.B.k.on -= 0.20 g. in each case. 

Su~ to&lten. Hydroe:en •d•orbl!d •• 
800". 600". 800". 

~0,. J9.1m.l f.5.5 ml Q.3ml 
Or,.01 • 11Ba01 30.2 111.11 14..0 
Cr.OJ<O.QCis.) H.9 68.8 IICI.B 
zr0 •• :a.o1 17.1 10.1 5.7 
Zr0.£0.IJS8 i·) U.l 4..7 
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Decomposition of zirconium borate i11 nogligib]e up to 400° and only 2-S% at 000-
6000, as determined by the vs.lues of free B10 1 in methanol ext.mct of the prod~ of heat
ing ita.oamw; a. comparison of these "aluca with those of the products obta.ined after 
hydrogen adsorption (Table II) will olearly show that no boric" o:xide i& released due to 
any reduction of the ziroonium borate up to 600°. Zr08 has a high free energy of 
formation and it is not reduced by hycb:ogen even at 2000° under high prommre. The non
reducibility of tho bomte hils boon flbown by our present experimonts. 

Dnonl!JII'l' or Cnhlln'BY, 
Ua.ro.t. t!JnVKUin, 
D.a.ro.t.· t, EAST P.a.JQIITAJ(. 


