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7 SUMMARY
L A sxmple, sensutlve, selectlve, accm:ate and rapxd method for the quantltatwe
- detetmmatron of arsenic in. oxxdes, sulphxd&s, ores and alloys is described. The method
“is based on the chlorination of arsemc—contammg compounds with carbon tetra-
- chlonde ina sealed glass tube. Under spectﬁc condltxons, the chlorination is quantita-
©tive and rapid. The volatile products are introduced’ mto the gas chromatographxc
sys-.em ‘after crushing the ‘tube in a special device. - - _
o 57 The method gives results in a very short time (ca. 10 mm), mvotves snnple
- mamgu!atmns 1s espec:ally smtable for at.tomatmn a.nd the error is of the order of

v;ﬁ-05/.

;i INTRODUCHON

- 'I’he quantttatwe detenmnatmn of arsenic in dxﬁ'erent matenals by. ciass1cal,
,metheds of analysis is‘a. laborious, time-consuming .and concentration-dependent
procedure. Usmg instrumental- methods to carry out this determination, several
. problems arise, e.g., fusion of the- sample and interference from other elements.
o3 * The advantages of gas-liquid chromatography (GLC) (versatility, rehabzhty,‘
ﬁ ‘sneed,,small sample reqmrement, simplicity in operation and low equipment cost)
- can help the analysis of transition-element compounds if they can be easily converted
quantttatwely into’ volatile compounds. In previous work*?, it was shown that a
number of ¢lements, when converted into ‘their volatile metal chlondes, can be readily
: *:separated ‘and’ determmed via, GLC by an- appropttate choice of packmg material,

PSTIIIN TSNP L~ DR S LU IS Teig TaTiar

:_cn:omatog'fapmc ]_Jal"dmf:tcfb anu the appumuuu of special fechniques.. In this paper,

,(_pmducts}formed (COCIZ, Clz) cfurmg ?thé chlormatxon process act as chlonnatmg ’



,sxderatlon : : S
U The oevelopment of tb_xs procedw:e :fecessrtated a thorouch study of the chlo—' _
i ’rmatlon reaction of arsenic compounds. Opt:mal chlctmaﬁng conditions were ascer- -
tained and the By-products weré identified. The chlorination of arsenic’ compounds -
- with carbon tetrachlonde was reported by Cambo.mvess. for a.rsemc trmxxde in an
open system e : N £ : o

'EKPERIMEN—TAL L

' Reage'nts ‘and materxals RS : ‘ : SRR
) - Arsenic trichioride used’ for the prenaratmn of ‘éhe cah'bratlon graphs was ob-,
tamed from commercial sources. It was purified by isothermal distillation and was -

- kept under anhydrous conditions. Arsenic trioxide and arsenic tnsulphzde (analytxcal-‘
reagent grade) were obtained from Alpha Ventron (Beverly, Mass., U.S.A).~ :

" Chemical analys&s of and X-ray dlifractxon meaaurements 3515 erythrr.x., antx-
mony concentrate, copper.ore and lead ore, gave the following results. : -

- (a) Erythrite. As, 30.78 +0.01%; Co, 18.85 4 0.03%; Ni, 14.76 + 0 03 /,, ,
“Fe, 6.51 4 0.05%; Cu, 0.76 - 0.049;; Al, 0.90 —LOOS%, and SiO,, 3.15 £ 0.05%. .
’_‘Components \IzsAszog, \Iles NlASz, FeAs CosAs,Os, CozAs CoAsz, ,CoNx and
SlOz '
: “(h) Ant:morv concetzfrate Sb 60 50 + 0 03 %, As 0.89 + 0.0l A, “Fe,
1.16 ioos%, Cu, 0.21 + 004%, Pb, 0.03 X 0.01%; Al, 1.06 -+ 0.04%; and SiO,,
9.80 4-0.05% Components" Sb,S; AS;_S;;, Sb,O:,, As,_O;, AsSst, Cu;(SbAs)S‘,,

- PbSb,S,, FeAsS CquSz, etc. '

(¢} Capper ore. As, 0.91 —'—001°°, _Cu, 965 004%, Pb 0 1 001 /,, y
_ 8i0,, 7.95 £ 0.05%; S, 35. 57. 4 0.01 9;; BaSO,, 5.63 4= 0.04%; Fe, 27.65. —%—005/0,
and AI,O_-,, 1 31 + 0 05 / Components CuFeS,, FeAsS CuzAs3, CUZASZG-;, CuSO‘,' .
etc. ’
. (d) Leadare_ As 9. 10 IOOI%, Pb 18 30 —1—001 "O,S 21 80 -f-001°°, Fe,
19.830 +-0.05%;Zn, 3.20 4 0.04%;; and SiO;, 13:30 4 0.05 %- Components< Aszo_,,,-; -
As;S;, FeAsS, FeAsO4, Zn3(AsO3)z, PaO PbO PbSO4, ZnSO, raS,, 2Pb0 Fezos
2510,_ etc. o L
C ThEs components of the aJoys tested had the followmg conceﬁtrgtmns o
'I'VUO =+ 0.05/9,..-

(i) Babbit alloy. As; 1.00 + 0.01%; Sb 15.00 —1—003/ Sn,
—Cu,OSO 0.04%; and Pb, balance. - - S
: (u) Shot alloy As. 077 -.-001 /,, Sb 3.4:. _,_003 / and Pb baxance,., : '

' 'Samp!e nreparatwn chlormatzon teclmzque and gas chramatographtc deterrrmatmn S
.. - A borosilicate tube (4cm long; 6 mm O.D., 4mm LD. ).. sealed at one end,
: cleaned and dried at 130°, was used as’2 reaction tube.. To carry’ out a preparatzop ..
the tube was welghed and: dried at- 14(}" and powdered sample’ (400—600 ‘mesh) is’s
introduced. As soon-as the necéssary amount-(Tables I-—III} of sample had-been_ m-
. serted, the open ‘end of the mhe was closed mth adh..sxve taﬂe and dry mtr 'gen was s
" blown around thisarea. i AR RS T T e s




o QU%RTFI’ATIVE DETER.MINATION OF ARSENIC TRIOXEDE : i
. :':Sar-xp!e ) AszO; taken :fszO_-,fbmd Dgg"g(gnce,(nzg) _’_B'rar .(%):: . ) ;,‘i_ -'

338 0 . .—00t . . —031
264 . —o0s4 . —143
;538 4003 L 4056
S .270 . Zee2 . . —o3
46l . 3001 4022

. Ave:age' —0.24
Standa:d deviation: +0.8 °

TABLB o -
) QUAN’"IT ATIVE DETERMIIQATION OF ARSENIC TRISUL?HIDE
Sample - As:Q, token  As:S, jbzmd Dx_t?'eretzce (mg) Error (%)

- Ne. . . (mg) . . (mg) ,

3 PR § L 1148 —007 - —0.61
2 --%07 - 899 -~ . —008 —0.88

3 %15 2 924 4009 - +0.98
4 1013 . 1008 —005 =~ —0.50
5 - 8.69 . 8.60 —0.09 —1.00
6 149 - 10.56 +0.07 : +0.66
-7 6.98 - - 693 0 —005 —0.71

L . ~  Average: —0.29 .
- * 'Standard deviation: +0.78 . -

: TABLE 1148
' ‘DEIERNEINA’ITON OF ARSENIC m ORES AND ALLOYS
Sariple ‘ ’ . Weight(mg). No.of -  As(%, wlv)

ST e B determinations -
) ’ Srernmanarions Present Found &= Error
7 ; O ) L . - ) standard deviatior _

[ Esvthrite ¢ - 3.5-60 -8 30.78. 3034 £027 . 044
'Antxmonyconcentrate - 14.0-29.0- 6 - - 089 - 088 4 0.03 —0.01
—‘Copper ore . - = 41.0-56.5 - 6 0.91 0.8% £ 001 . - —0.02
‘feadore- .- ' 33.0-400 6 9.10 900010  —0I10
- .Babbit alldy e 15.5-19.5 - 8 1.00.. - 098 + 001 —0.02

6 0.77; - 074 2002 - | —-003

: ,sﬁcg_a_u__oy . 260-350

The lower part of the tube thch was held ina vertlcal position, was placed
] :im a c«mtamer of dry-ice and the correspondmg amount of dry carbon tetrachloride
: ’(Table IV) was added. The: tape was then femoved, the’ open end sealed and the tube
R mthdrawn from the cold bath. ‘Each reaction tube was then placed in-an oven at 575°
for a glven trme (T able IV). I order to introduce the sample into the GLC system,

“"a special. crusmng device! was comstriicted. The borosilicate’ czpsula containing the
"g hlonnatcd sample was placea inside tkns apparatus whxch was connected to- the
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) Arntxmony

concentrate 1.0 ’

‘Copperore ~ 0.5
Leadore -~ 0.6
Babbit alloy 0.5
Shot alloy: = 0.5
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: 230
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mjectmn port‘of the chmmatograpinc umt. Aﬁer bemg heated the sample tube was
. .-broken by the pl’unger- The exposed sample n the hot crushmg device was then. swept
- mto the caiumn by the carrter. gas., ST
- “The cashmg device used; which is a vanat*on ef snm!ar exxstmg devxoe55
) accepts sample hoiden of various types and sizes. It can be used for gases, hqmds, )
~ -solids and, in geneﬂl, for samgles that consist of heterogeneous systems. It is also
g posszble for the'dévice itself to serve as a micro-reactor.”
- Slhcone oif T‘C-SSO, ¥ E_lanc! 20 % (w|w) on Celite 545, was used as the co!umn
: packmgmat.,naz, which penmts very goéd r&solutlen for a number of pairs of chlo-
' ndes" Haes
L A Hewlefi'-Packard 700 gas cnromatograph ‘equipped with a thermal conduc-
tiw‘ty detector (FCD) (Gow-Mac 4, tuag * 1 filaments) was used, modified by us in
" order to keep the oven temperature constant to within $-0.1°. Nitrogen was used as
the carrier gas and was dried by passing it through an activated molecular sieve and
P,O; traps at flow rates of 10-130 mi/min. This detector showed a response variation
toward inorganic chlorides. From time to time, the detector was washed with acetone
ang Lydrochleric acid solution in order to prevent alteration of the response due to
deposits of hydrolysis or reaction products.
Glass columns (183 cm long, 6 mm O.D., 4 mm LD.) were used in order to
- p;event reaction with the highly corrosive ch!ond&e. All columns were packed under
anhydrous vacuum conditions by inserting Pyrex glass-wool at one ead of the col-
-umn, applying a vacuam to that end and adding the packing material at the other
; end The colummn was vibrated and the vacuum continued until the packing maierial

G
T

f‘;c_':,' 2—7_‘"4:_ ) s 4o —
- . - R min

- Fig. 20 Chmmatogram of chlonnatxo:roi‘ AszS;wnhCCL(émm, 575") Pas:kmg material: silicone

T ol DG-559, 20/ (wfw} on Cehte 545. Camer gas (Nz) fiow-rate: 19 mf[mm Other coudmons as
szg.I L ) . i .




f, were-at most 30° below the aﬁimum recomr cfed:t.‘
: »...cndxtmns. The chlonnatmg and chmmatograph:c condi ns e ngen 'Fab!e

'RJ:SULTS AND D:scuss:ov g f

Durmg the chlormatlon of arsemu compounds ‘with ‘carbon tetrachloride, not .

only the conversion of arsenic into arsenic. tnchlonde ‘aceurs, but also a number of -

- by-products are formed. These by-products are derived ma.mly from ¢ oxygen— and sul- "
: 'phur-contammc compounds {€O0CL;, CO,; CS;, Clz) andtoa much lesser extent from -
the thermal decomposition of the chlorinating agent (QCIG 06C16, ete) The optmzal :
chlorination conditions were determined by a study of the conversion efficiency as a -
functlon ‘of- chlonnatlon txmes ‘and temperatures, szmilar to that camed out for 1;
-arsenic trioxide®.. .~ '
) -Fig. 1 shows a typical chromatogram of the reactlon products gf «zrbon tetra- :
chlonde with arsenic trioxide. The first peak arises from two: eomponents- carbonf
: -dloxzde and phosgene. AThe seco:xd peax is attnT)uted to an excess of carbon tetra- 7
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. Fxg. 4. Chromatogram of chlormatmn of antimony conoentrate thh CCl (6 min, 575"“) Cond:twns
,'as m Fxg 3 B ) B

i chlconde, the tbn‘a is due to arsenic tncblonde and the last to hexachloroethane.
- Under the chromatograpmc conditions usad no peaks were observed at tlmes longer
. ‘tha.n 15 min. :
‘Fig.2isa typical chmmatogram of the reactnon of carbon tetrachlor‘de wﬂ;h
» arsemc trisulphide. Al peaks, except the unknown peak (%), were 1dent1ﬁed by dif-
-':ferent anaiytlcal methods. - :
L “Fig.3 reptecents a chromatogram of the reactlon products of carbon tetra-
v chionde with erythrite and Fig. 4 shows a chromatogram of the chiormauon of anti-
. mony ‘concentrate with carbon tetrachlonde- :
: Flg. Sisa chromatogram of the chlorination. reaction of carbon tetrachlonde
»Wlﬂl copper ore; the same type of chromatogram was obtamed by the chlorination
_of Iead ore with carbon tetrachloride.
S Fxg. 6 shows the peaks’ obtamed aftet the chlormatxon of Babblt aIloy thh :
S catbon tetrachlcnde. All the components were 1dent1ﬁe‘i except that whxch gave peak
S
S Chlorme and carbon tetracnionde in all of the abOVe chromatogmms were
: xdentxﬁed by thezr mfra:ed spec‘cra after coHectmg the fractions at the outlet of the
- ‘column_TFin tetrachloride and arsenic trichloride peaks were confirmed by companson .
v of their rétention times with those of authentic samples. .
e The: chrcmatogram of the chiorination reaction of mbon tettachionde mth'
i Shotaﬂoy ma sealed giass tube is identical with that of Babbit alloy mthout the tin
“tetrachiozide peak. By usmg 51hcone oxl the resultmg peaks showed a shght taﬁmg
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“Fig. 5. Chromatogram of chlormatxon of copper (or Imd) ore thh CCI4 (6 min, 575°) Camer gasr
N, fiow-rate: 24 ml/mm Detector tempﬂrature 100° Other candmons as in Flg. 3. :

- which is a"trﬂmte:d8 not to the chemlcal composmon of thjs hqmd phase but to the ,
iradequate silanization of the solid support. The chlorine produced during the ChiQ’l-
" nation reaction had no effect on the liquid phase® as its amount was limited®.
) The area under the arsenic tnchlonde peak was measured by trapezoxd con.-'
'sl:-:l.lc:!:lonu , ,
' The mammum detector sensmwty ‘Was. 1000 mV ml'mg o.urmg all determma—
tions. The calibration graphs were linear for arsenic within the range: 0f 0.1-8 mg.
,_The baseline drift during a smgle run and also during 24 h of continuous operatmn
was neghgxble (less than'0.01 mV-for I mV. full:scale deflection of the recorder) i
. It is clear that the characteristics of the method: dewnbed, the sunphcxty of -
- the whole process, especially the sxmple procedure for: sample preparation,: and also
~ the short time reqalred for measurement its accuracy ‘and the low cost of the instru-
_mentation used; make it superior to existing metheds. Thus, it competes favourabiyj_ 7
- with the iodimetric method in the accuracy and the sample sizes used’? with emission -
- ‘spectroscopy in view of the dccuracy over an extended range of arsenic concentratzons N
E ~(0 777690 and thh other methods that rqu.re exther expensive Vmstmmentatzon* -
or special accesori€s to.existing apparatus, such as the use"of atomi c 3
8 sectrcphotometry for tne determmatxon of ; arsenic.. T
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Fig. 6. Chromatogram of chlorination of Babbit alloy with CCl; (6 min, 575°). Conditions as ia
Fig. 3.
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