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INTRODUCTION , -

The manufacture of explosives involves the use of large 
quantities of sulphuric and nitric acid and efficient working of 
the factory depends upon the right quantities being at the right 
place at the right time. An adequate and reliable transport 
system is therefore essential. Acid may be transported either in 
sui table contai ners such as carboys or tank wagons or through pipe 
lines. 

The use of containers is necessary when transporting acid to 
or from the facto:rcy or within the factory ,[hen compara ti vely small 
quantities are to be despatched over a route not provided for L~ 
the normal running of the factory. Evidently a continuous pipe-
line system is more efficient, safer and more cXpea.i tious than the 
use of containers which j n effect merely involvcs inserting 
several manual operations betvlCcn the ends of two pipe lines. 

The motive pOYTCr for transport through a pipe line is 
provided either by compressed air or some fonn of pump and the 
power required depends upon the amount of liquid to be moved in a 
given time, the height to vrhich it must be raised its viscosity 
and the resistance due to the pipe line • 

The resistance of the pipe line depends upon:-

(1) the material of which it is made; 
2) the internaJ diameter; 
3 the number and nature of the bends in it; 
4 the obstructions 'which may occur in it. 

Fina1.ly the various valves necessary for the control of the 
movement of the acid must be considered. 

Apart from these purely technical considerations the 
CO!Tosive nature of the liquids Qealt with necessitates careful 
consideration for the personal safety of the operatives. 
The use of compressed air, for example, should be avoided when
ever possible when dea~ing 'with corrosive liquids. 

A discussion of the subject of transportins and handling 
acids therefore involves the follovdng items for cdl1si deration:-
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the nature and quantity of materi al to be transported 
which determines the materials of con::;truction to be used; 
the service required - continuous or discontinuous; 
the choice of method - container or pi pe l i ne ; 
the motive power t,o be used - compressed air or pwnp; 
the choi ce of pump or compressed air plant; 
design of pipe line ; 
choi ce and positioning of v-alves; 
special safety precaut ions. 

Sai'ety precautions must of course be considered at every stage ' 
of the process and may sometimes exercise a deteTInining i nfluence 
upon cho;_cc: and design of plant: -

Having designed and erected the transport system i t is of 
course essential that it should be maintained in a highly efficient 
and safe condition for the longest possible time . The e.ase and 
speed with ymich this can be done depends primarily upon the fore 
sight and skill 'with vThich the system yras originally designed so 
that though the chemist is mainly concerned with maintenance and 
is apt to regard design ancI erection as the engineers job it is 
esseotial that he take '1 lively and intelligent interest in these 
matters if he is to perfonn his functions efficiently. It is 
much easier to alter things on a drawing board than. on the plant . 

, 

• 

, 
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MATeHI/ill3 
\ 

• 

Material s to be handled . 

The corrosive action of sulphuric and nitric acid separately 
or mixed depends upon concentration and temperature . In addit i on 
spent aci ds invariably contain small proportions of lLitrous aci d . 
Nitri c acid produced from salt-petre (retort process) invariabl y 
contains small amounts of hydrochloric acid (about 0 . 3fo) which has 
a highly corrosive action. 

Corrosion in most cases increases. rapidly with teGperature 
and it is therefore desirable to keep liquids as cool as possibl e 
par ticul arly when iron and ferrous alloys generally arc invol vecl. 

- Materials of Construction 
No metal or metallic alloy is completely immune from 

corrosive attack by the acids under consideration but within fairly 
wel l defined limits suitable types can be obtained to meet most 
cases "Which arise in practice. Vraere this is not possible one has 
to fall back on chcmical stoneware . 

• 
(1) Chemi cal stonevrare 

Chemical stonev-rare' oonsists essentially of an a)3;grl3[;a.te 
boncled by a vitrifying clay . The properties vmy vri th the particl o - . "..., 

size of the ae.;regate and the propertJces cif tile birider. In 
general the coarser the pa.rticles the more porous the stone,rare 
but the greater rcsistance to changes of tcmpcratuI'<J . 

TABLE I 

Jfech-anical and Physical Props:rtj.§~ 

Tensile strength 
Modulus of elasticity 
COlllpression strength 
Thel~al conductivity 
Specific Heat 
Co~fficient of cA~ansion 
Specific Gravity 

• 

100- 2500 lbs . sq.in. 
6 x 106 x to x 106 

25000 - 80000 lb ./sq . 
0. 6 - 0 . 9 B.T. U. 
0 . 185 - 0 . 19 
0 . 000041 to 0 . 000049 
2. 06 - 2 . 36 

- .. . -

• 
lll . 

o per C. 

• 

Ordinar:y salt glaze stoneware has a watcr Ob ,,011 tiod of 6 to 
1050 but a goocl chemical stoneware should not exceed 3~b . 

• 
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In practice the objections to stoneware are its fragility 
and lack of adaptability. The pipe line must be made up of 
sections as obtained from the makers - they cannot be bent nor can 
the line accmMlodate itself to the ninor irregularities aluays to 
be found in practice along the proposed route. This involves 
a la.rge mumber of packed joints and the slightest novenent or 
vibration inevitably causes leaking joints and cracked sections 
in course of tine. 

stoneuare however is the only' satisfactory J:laterial for such 
things as ill tric acid fume mains, in whlch very weak acid may 
condense, and for lines conveying nitric acid containing traces 
of hydrochloric acid. 

stoneware is used fQr containers of limited size - a few 
hundred gallons at most. It is also used to a lesser extent for 
pumps and slow speed fans. 

The tendency however is to avoid stoneware as in spite of 
their higher cost and greater susceptibility to corrosion metallic 
materials are more adaptable and give less trouble in maintenance. 

cast Iron and Mild Steel -
Mild steel is generally used for containers, pipe lines and 

pumps for sulphuric acid, of over 7% strength and for mixed acids 
not containing more the:t 20% water. Corrosion hovTever increases 
rapidly with temperature and therefore acid should be kept cool. 
If possible below 25°C . 

In this respect cast iron is rather better than mild steel, 
and is to be preferred for oleum and for mixed aciUs containing 
not less than 1~~ H2S04' 

The corrosion of mild steel by mixed sulphuric and nitric 
acid has been the subject of a recent report by I.C.I. (F. and 
S.P.). Ltd. 3rd July, 1943. Corrosion is of two kirns,. (a)' in the 
vapour space where the action will be due to the volatile nitric 
acid ruld nitrous fumes, and Cb) in the portion filled with liquid 
where it will be due to the mixed acid. 

Mild steel may be passive to pure mitric acid, but as very 
slight disturbance (e.g. a scratch) m~y destroy the passivity, 
this cannot be relied upon. The presence of at l east ~o H2S04 

.' 

is necessary for safety. The fonnation of a layer of ferric _ 
sulphate acts as a protective coating. In general, a reduction 
in thickness of the metal at the rate of 0.2 m.m. per annum may be 
taken as a safe limit. 
54711-1 
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It is found that in most cases corrosion is either viol ent 
with evolution of nitrous fumes or is below the suggested limit 
and that the presence of nitrous acid tends to accelerate 

• corrOSlon. 
Corrosion in the vapour space varies greatly and depends upon 

local condition. The entry of air, and with it~ moisture , into 
the container is a major factor in promoting corrosion. In some 
cases top plates require replacement in a few weeks even with acid 
containing less than 0.5,10 water. With sulphuric acid alone 6~0 
H2S0

4 
is the accepted lovrer limit of concentration for mil d steel 

vessels. 
, 

(3) stainless Steel 
The addition of up to 14% chromium renders steel resistant 

to corrosion by nitric acid but the alloy is so hard as to bc 
prn..ctically unworkable . lvlartensi tic steels containing from 
12 - '11+% ChrOmiLUH are air hardening and.:.if of 10'" qarbon content 
develops a coarse grain structure on Yielding. The addition of 
nickel also increasos the resistance to corrosion but does not so 
harden the steel that it cannot be welded. 

Present day pract~c is to use a mixture of chromium and 
nickel vrith small amounts of other metals. A steel alloy of 18/0 
chromiwi1 and ~.~ nickel is resistant to both \Teak and strong nitric 
acid but does not weld satisfactorily as thc joint suffvrs decay 
due to stresses set up in the welding. . 

The addition of 1% Ti taniur.l and 1~~ Tungsten inproves natters 
in this respect and satisfactory joints co:. ,b" nade by a skilled 
welder. According to sOl.ie authorities the inprovcnent is due to 
the ti tanilID, and tungston CEill be omitted. 

The" 18/8/1/1" alloy is resistant to both weak oId strong 
nitric acid in the colLl but is slightly attacked by WD.I:J acid 
especially if oxides of nitrogen are present. With weak nitric 
acid corrosion b econcs serious above E:ooC . 

Chlorine and hydrochloric acid, evvn in traces, incTeaS(; 
corrosion greatly so that these alloys cmmot be used for nitric 
acid made from salt pe tre by the l'etort process . 

Various other alloys containing from 18 to 25}" chcomitnn are 
al so used; for example "Weldank:a" a low carbon alloy L.:untaining 
1S;o to 2.:% chromium with some silica and 12]0 nickel (Brovrn 
Bayleys, Sheffield) . 
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It is important when welding stainless steels of these types 
vath o~-ace~lene that the flrune be kept neutral. Excess of 
either o~gen or acetyl ene adversely affects the quality of the 
weld and except for ve~ thin sheet (lesB than 0.08 ins) it is 
preferable to us e el ectric ITclding. 

(4) R. 55 Alloy 
Is a more complex nlloy which has given good results but is 

difficult to obtain' under present conditions . It is a proprieta~ 
, alloy of the La Bour Company. The c.omposition'is reported as:-

Nickel 53 . 2510; Chromium 2JJ{, ; Copper '3f, ; MolybdemJm 4%; 
Tungsten qb ; Iron 8js ; Silicon 47';; .Manganese 0 .. 1('; ; Carbon o.~ 

• 

It has been fOill1d satisfacto~ for the impellors and volutes 
of La BouT PumPs for all purposes·- - weak and stro!:J,g nitric acids 
and sulphLil~ic acids . 

(5) Everollre 
Ju1 alloy of a different type 'which has been found highly 

resistant to 60 to 63j, . H2S04 up to 1000 is "Everdure" which is a 
copper alloy containing:-

• 

• 
• 

54-V11-1 

Copper 94. 4 - 96/ ' 
Silicon 3 . 0 - 4. S/, 
Manganese 1.0 - 1.1; 
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( 6) Silicon Iron --- ---~--

The composition of n. series of typicn.l n.lloys is given belon. 

-

Origin Si. i C . 
,------ r---'--- --

, P. I S . ,lm. Ni . I Cu. , 
I 

---1:----- - --L I I 
10. 55 0 . 60 

-- ---- --------
BRLYFOS 
D1JRIRON 
T1J'JTIRON 
IRON:.c 
KRUPP THER1.iISILID 
LE GREUSOl' 
I'LETILLURE 
ELllJ'HTE 
PEDUTZ HUTTE 
;.lIDLEY 
ENGTIJ~E:~F:JUNG CO. 

15 . 0 
15.5 
15.0 
1 5 . 5 
15. 0 
15.0 
16.0 
15 . 0 
15 . 0 

14. 5 
- ------- --- --- - ... -

0 . 05 
0 . 70 0 . 12 
0 . 70 0 . 40 
0 . 80 0 . 80 I 
0 . 50 0 . 04 I 

1 0 . 50 0 . 05 
0 . 60 0 . 17 
0 . 80 0 . 06 

, 0 08 0.06 I • 
I I -
-, 

10 .)0 0.11 I , 
-, , , -

0 . 01 
-

0 . 01 , 0 . 66 1 
I 

0 . 60 -
0 . 05 0 . 40 1 

-

0 . 04 0 . 90 
, 
I 

0 . 01 0 . 88 1 
I 

0 . 03 ' 0 . 50 
0 . 02 0 . 20 1 

- 0 . 50 I I 
-

, ---

0 . 2 
-
-

0 . 0 
-
-
-

2 . 2 
-

0 . 2 

5 I 
I , 

5 i 

, 

5 I 
I , 
I 

5 i 
, ----

0 . 01 
-
-

0 . 03 
-
-
-
-
-

0 . 05 

For conpn.rison the aVCI'n.ge physical chn.racteristics of 
silicon iron p..re given belm7 Yri th typicn.l figures for cn.st iron 
c.nd chenicn.l stoncwnre . -

T: illLE III 
• - -"- -

- ---- ----- -------- --,-------- - - ", -- -- - -- - - ---- --- ----- - - ----I -- --r- I .~ , 
Silicon Iron C2-st Iron 1 StnncHarc 

I -- ---- ----------- - -- - -- ---- ----- -
i 

feot 
--- ------ - -- -t---- --- ----

i')IO 

1,250 
28 . 2 

! 

Yieight pounds per cubic 
Ee:lting Point °C . - 6 
Coef . Expn.TIsicn x 10 
Therr.1.'1.1 Conductivity = I 

445 
1 , 200 

12 .1 

. ./'.g = 1 00 12 . 5 I 1 4 . 3 
Hardne.:ss Brinell 390 180 

, 
, 
I , 

I 

112 
1,450 

0 . 15 

0 . 00023 
-

trwsile Strength Tr,ns/sq. ins . 6 . 7 12 . 0 2 . 3 
Conprcssion Strcngth Sq. ins . 20 . 0 ' 32 . 0 36 . 0 
.2~~':l~~ _3f _~u12t~lr_c __________ . . __ --,11t. O'----_--L ____ 28 . O __ : _____ ~. Q ___ _ 

Silicon il~0n is resistant to hot nitric n.nd h nt- sulphuric 
e:.cid n.nd to all cC)l'lcentrn.tions of nitric n.nd sulphuric; acid. 
The.: siliccn ccntent she uld be e:.bout 14$J. BelOlr this the 
susceptibili ty t o corrosion incre,'1.sed but the uCJtal is [lore 
cn.sily \'Iorked. 
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It therefore approaches cheJi1.ical stonm7c.re in its rDllge of 
-application but unfortunately the resemblnncc nlso extends tc 
physical properties. 

It is v ery hord nnd brittle and therefore cnnnot be ~orked 
though it cnn be grauncl with difficul ty. Consid\Jr~,blc improve-

, 

ment has been and, still is, being made in the quality of silicon 
iron, pOTticul arl y as regards frecdcm fror.1 bloY/hcles nnd porosity, 
with consequent general inprovement in rel iability of service . 
Recent investigations (R.V.Riley, lIT.of S . S~licon Iron Factory 
Research Lab., Report No . 43/17) indicate th?-t the sensitivity of 
silicon iron to thermal shock a.YJ.d the tendcl!-cy to crack .rhen 
s ubject to high temperatures is due to the formation of a brittle 
phase (eta) which normally occurs only in silicon irons 'T1. th 16; 
S i. and over. Under certain conditions , hO"l7cver , it lIIay be 
formed 'lThere··as little ns 15 . 2/,) is present which at ordinruy 
tcmpero:t1.lrcs is the critical bOlmda.cry . It is proposecl, therefore 
that until other means, of Clvoicling the f'ormo.tion of the brittle 
" eta" phose be discovt:red tho.t the silicon content be" liJni ted to 
14.2./0 which is the 1m7er limit of the generally accepted specifi 
cr.tion ( 14. 2 - 15 . 2p Si.) although aclmi ttedly 15;) Si. is the; more 
satisfactory f>'om the pOlllt of vimr of I'8S;Lstance to corrosion.. 
It still remains , honcver, n frngile material and gcncl'D.l ly 
spcD.kmg should be treated D.S eurefull y , 2.S ec,rth",mro.rc 'IQ th clue 
rq;nrd to its much grenter ~eight pCI' cubic foet which mokcs it 
the more ilnportant that it should be o.deqUiltely and ri.E=idly 
supported. 

Silicon iron is UGcd in certnin types of pwnp , for exrmpL; , 
the Tantiron Lcnnox pumps \Thich hc.:.ve given satisfc.ctory service:; in 
sone R. O. I's for "I-e:oje end strong gun cot~on , WLStc Lcid, R . D. X. 
strong nitric [lcid (9&/; mW3) ,:,nd C. 0 . v. (92- 94;, H2S04) ' . 

(7) A1UITir"iUI'1 - .-- . ----

Alw.liniun. of i\t leo.st 99 . 5/· purity is gcnC!r ully used in h.O .Fs 
for ni trio [lci,d of av",r 90; c,t:cen[';th . It C8n be used for concen-
trntiollf5 .~'S lo'.{ CtS 80/, but corrosion bccoucs incrco.sinf:;ly ser'icus 
b"'lmT 90, . In th e opinion of :::O:.le ncicl r'\ctories c.lill1inilIT.: cUllOt 
be D.bsolutc;ly rGlic;d upon \Q th lli tric A.cic1. beloYT 96; nnd (NUl c,t 
96/ the life is distinctly shurter tho.l1 \Tith 98; ', . There is Cll 

incrcm;mg t,-,ndellcy to replace it by stainl ess stce; l .i[-,cre pos:Jiblc 
possible. Y[here stainlL,ss steel Ins been used in prei'urencG to 
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aluminimD for C.N.A. pipe lines the results have been successful 
but the lightness of alwninium and, in war time at least, its 
greater availability makes it the more generally used. 

The corrosion resistance of aluminium is due to the formation 
of a very thin, firmly adherent layer of oxide . . Anything vvhich 
tends to rupture the film or prevent its formation increases the 
probability of corrosion which usually takes the fOIT] of pin-holes. 

.. 
" yielded joints are only satisfactory if carefully nade by a 

skilled worker. Badly made joints c:re porous and are rapidly 
perfora t ed. Pin-holes in overhead lines conveying strong acid 
are extr eLlcly dangerous , and for this reason it is preferred in 
~o.ny factories to use screw flanges rather than wel ded joints at 
connections. 

(8) Lead 
Lead of over 99.9/ purity is the. much used me tal in c~lCiuical 

works. Apart from its excellent resistivity to corrosion over a 
wide range of acids and concentration, the great ease of working 
and the way in which old mater-ial can be purified, recast and 

• 

reused is a most valuable characteristic. This , however, is also 
a danger as the properties of the lead are grec:t l y influenced by 
the presence of ~~)urities and irregularities due to faulty 
methods in the plulubers shop . This is pc:rticulnrly the cc:sc 
vrh(;re antimony is used in some of the lead work. Plumbers often 
add " a li ttle ant~11ony to mDke up for loss" vii th the result thnt 
in course of time much of the lead work in the factory is of very 
indefinite composition. Great care should be taken to segregate 

• "Pure", il antimonial" and 11 tellurium" leads when ol d plant is _ 
returned to the plumbc::rs shop for mel ting dovm~ 

~\.part from antimony, other irClpurities L~ay accw;lulutc . Too 
high a casting temperature results in a co[,rsc crystD.llinc strue-· 
tul.1~ ;-._rlLl the fOI'!!ll1.tion of oxidcc. Impuri tics tend to collect L'1 
the centre of the ingot and consequently when rolled the sheet 
produced is not of unifoIT.1 eonposi tion cnd errntic pCrfOIT.1CnCl; as 
regDrds corrosion results. 

The susceptibility of' lcad to corrosion is grcc,tly increased 
by trnces of Bislluth as little res 0.005,:.1 hL~ving a perceptiblc 
effect . Sone specifications now include a c l e,use stipulcting 
Bisrmth l ess thDIl 0.0051>. 

9 
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With mixtures of sulphuric and nitric acid, lead is satisfac

tory vri th all the ~ormal mixed and spent acids' produced in expl o
sives work . 

The resistivity of lead to corrosion depends ,upon the 
formation of a thin layer of iriSoluble salt . In the case of 
sulphuric acid the solubility of the'sulphate increases consider

. ably above 75)0 H2S04 whereas in the case of nitric the nitrate 
becomes more soluble Vlith dilution and belol7 40;/J HN03 corrosion 
is very rapid. 

Corrosion is D.OJelcrated by anything vThich tends to break dOml 
the protective film as, for example, the agitation of the contents 
of a mixer or the ilnpingmcnt of a strewn of acid upon onc point . 

-
It is c.dvisable, therefore, to protect such positions by a lead 
shiel d "hich CDD easily be replaced. 

(9) Re~ulu~.lvIej;;12ol_ 
Regulus metal contains from 12 to 15;c.i antilnony, arld is usecl 

v41ere hardll.ess is desirable as for pwnp casings a.nd llipellors . 
The resistance to acid corrosion is slightly reduced, but this is 
morc than l)ulanccd by t:re increased strcngth, and surfo.ce hardness. 
As little as 1 or 2ft 8.l1tiDony has a perceptibl e effect on the 
hardncss and WllOuntS of this orcler arc o.ddccl to lead for stator 
tubes in Gaillard towcr precipitotors. 

/ 

( 1 0) '~lluriUT.1. ..L.caQ, 
The ,b.d(lition of tclluriwl1 in small lunnti i-i,-,s increases Gh.: 

tensile strc.;ngth Md yield value 'J.id reduces 'the trnrlcncy to 
crysh.llis, .. tion LUl.clcr thc influence of vibn1:t.ioll. 'i'clluriun 
lccd is thercforE; UE'ccl in Eiixers ~nd pl[nt vrllC1L) 'T':"brltiol1 is con
::;icler~.blc . There flppL-arS to bL- little Chc.ngL in -che.- r..;siC',tivi ty 
to corrosion . l.l'll)rOvCnell t due to tcllurim!! i,. only l:'vir:cnt over 
Cl. very snaIl range . The OptiluWll appe[~rs to 11(~ nt .J_boLLt 0 0 04~ T", . 
VTi'th noro or l ess tha"l this thGbencficial d'fcct is not obtnincll 
o..nd the general opinion of r1m11)(TS SCCj,[S to 1)(, that tcllurim.l 
lco.rl of'i\.;r~~ lit tIc rJ.(lV{l,lt.n.g..; to compcns8te for j liCl":lSCU diffi
cuI ty of ,rorking. 

• 
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Tffi; STORAGE OF ACIDS _. --

Boiler Tat'Jcs 
These have long been aCCBpted as stana.ard stor age vessels for 

acids which do not corrode iron or mild steel. They are readily 
obt,,:-inable LU1der ronnal conditions and their shape and construction 
is such that" especi ally in the case of the larger s izes they are 
most easily transported and i nstalled. Placed horizontally the 
weight i s well d i stri buted and thore i s little dangcr of lealdng 
at the bottom. At the same t .ir.lC they do not require a great 
amount of head room a nd 'with large volumes of aci d the pressure 
heo.d behind the valve is kept vrithin reasonabl e limits . ' . it tank 
about 28 feet long and 8 feet diruneter hold about 9,, 000 gallons -
80 tons of C. O. V. Tanks of thi s type are sODletimes lead lined 
but this is open to the objection that should the lead be 
perforo.ted corrosion occurs and the gas generated soon lifts the 
vrhole of the sheeting and troubles are intel".sificd rather than 
reduced by its presence . 

The fact that the tank is tot8J.ly enclosed is an advantage 
as' regards the preservation of the contents but involves the 
danger::; due to the accLu;lulation of gases and rcnders necessary 
the precautions concerning the use of naked flall;e and sa.feguards 
f or workers who have to enter the~". A further consideration of 
importance is the accumulation of sludge especi[llly nitrobody. 
If' strong nitric aci d is alIoned to enter a ta.rJc cnutai ning such 
sludge there is danger of a serious explosion (sce Ssfety 
Precautions Pa~e No . 55 . 

'L'ho tank should be placed vri th a slight slope tovrards the 
sludge hole and the outlet valve and a pl UG operated ]'1'0111 tho top 
0'::' the t2-1':k should be pl aced behind the outlet valve . 'rhe ta1':1< 
i s providod wi th a mcm- hole and a dip- stick holo . Il; is advis
able to protect the area round the d..ip- stiek hole nith a lead 
apron so that drips Lrom the dip- s tick (10 not fc.1.11 on the iron 

. and cause corrosion. 

Calibration - -- . -. -
The "dip" and volU2TIO of hori zontal tanks C(1.,_ be correlated 

by use of rather complex mathcmatico.l fOX'l ilulae but as they are 
seldo!Jl perfectly synunctrical direct cali bration throughout the 
~rhole depth is to be recommended. As thc volwne is not 
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HandJ.ing and Transport of Acid:=;_ 

propartional to. the dip, the errar is nat constant throughout 
and this is a defect whcn accurate measurement is required. 

, 

Lead Lined T nnks_ 
Lead lining is used bath for iron and wooden tanks . In the 

acid af iron tanks the danger of perforation and corrosion 
allovving the acid to. attack the irDn under the lead m~y lead to 

• 

even mare trauble than ,straightforvrard corrasion. The vrork , 
must , therefore , be eiene very carefully and first class lead be 
used. The choico of lead and the thickness is a mattcOr ef 
importJ,ncc . The thirL.'1er the lead the more rapidly it 'Hill be 

, 

perforatod whilst' on vertical surfaces thick lead tends to creep 
especially with'vrorm acids. Practical considerations also limit 
the choice . Below 10 lb . lead the plumber finds it difficult to 
avoid perforating it vihen VTelding and over 16 Ibs . handling on 
vertical surfaces is difficult . 6 lb . lead is however used for 
lead chambers and over 30 lb . lead for the saucers of Glover towers 

It is stated by some that tellul~i1.1l'1 luad is more satisfactory 
as regards "CreOl)" but evidence on this point is n<:;t conclusive. 

1:j:omogeneous Lead Lin.i.ng 
In this process , the iron surface is thorcughly cleaned and 

coated ':Tith 0. thin L:l,j'Or of tin. Lead is then run on to the 
desi red thicknes·s by'the lead bLU11.er . 

Pr'Jperly applied the lead coati:ig afferds sdi3factory 
protection and is 3uperic,r to the: ordirwry lead lining in that the 
lead d08s not croep. Tl'lc proccss is therefore wc.;ll adapted for 
application to vccsels subjected to con::;iderab18 ch[mges of / 
temperature . 

Success in theJ procu" .• , dC}J81-:c;,::; pri fiiClrily upon th0 pn::pnration 
of the sUl'face bofere the al~plication of th:~ lead [_nd vc;ry carL:ful 

• 
worKing on'the p8rt ef thu 10D-cl burner is neccssL:rY to ensure that 
satisfactory adhesion of t1l8 loac1 is achieved parGiculurly bccau;38 , 
in gl;nera1 1 dcfe:cts CDlIDot b8 detected by subscqucnt inspectiun. 

The process is :Jlov! and t0dious . Even with "traigbtfonrard 
flat Gurfaces the apnlication of a lea(l lower 3/16" thick takCG 1 ,'k' , 

about 4'2 hours per SqUDY'C foot . 'l'hickcr coats and more 
complicated sllrfaccG take correspondingly longer times . It is 
therefore expensive and th8 introduction of various mutb.ls and 
alloys capablc of affording equally effective resistance to 
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corrosion has reduced the necessity of using it. Homogenous 
lead lining has been used yrith sn.ti sfactory results on the a ir 
l ifts and cycl ones of T. N. T. plants 2.nd for lining T. N. T. sulphit
i ng and vrashing tanks and also for making unions between lead and 
iron pipes. For reasons indicated, however, the process has 
somewhat restricted application and o.ppears likely to become even 
less important in the future . ' 

lUuminium To.nks 
Alumirli~n to.rJ(s o.re used largcly fcr strong nitri c o.cid • 

For reasons stated the bottoms should not be welded. Where joints 
are Lmavoidable they should be rivetted. 

, Brick and tile tanks 
So far o.s resistance to corrosion is concernecl the bricks and 

tiles used behave much the same o.s chemi cal stone'nare. The chief 
difficulty lies in the cement o..nd th'::; jointing. In addition the 
low mecha.YJ.ical strength of the material necessitates the use of 
a very thick naIl and hence a greo..t YiCight of material. As the 
Lateri a1e are also of lO\"T resistance to shock and stress, it is 
necesstny to have a very fin, founlli'l.tion free from vibration o.nd 
to provide omple protect i on [cgainst shock . All this o.[!;ain i n-
creases the bulk o..nd ,;eight of ;,laterial . The most satisfactory 
foundation is 0. large concrete rillt Ynth a protectilllD apron of 
sheet lead. (at leo.st 16 lb . ) ur,uer the tClnk. As the sides of 
such tanks cannot be pierced, it is necessary to use suction pwnps 
dra..-;ing OVL!r the top of the tank. 

A fairly so.tisfactory cement is Dude up ,!i th sodiuu silicate 
and brick dust , though diffi culty is someti mes experi enced due to 
its failure s to set uniformly throughout the ],lo.SS (H. B. This j,l'lY 

be due to vorio.tion ih the ITa20/Si02 ratio) . 'T''r..eTe 2."0 c.lCI.ny 
c1iff~rent grades of sOd-_W,l s iIicate on the lTl.3.rket and 'Jithout 'lrlfu.cua
tion as to the coupo",:" \, ion of th2.t used, no conclusions of 
technical value can be dra'im. A grade l:no',m o.s P8~- in \Ihich the 
Si O:;/h .. .zO ratio is 3. 3. has been f6L:.nd sat:. sfactor'J . 

At one factory '1 tank hus rec<.::ntly 1cc:n constructed for 
conto.inir': YTc2.k sulnlm::ic acid contmni nated ,,;ith or[~'1.nic L{,tt::T . 
It consi st~ of a conc:c . .;t" box into uhi ch a wolvic stOlJ.C rm,- o~'f 
pipe is built . Th.:; Lox i::; lined with bra l'WL.:rs of Astos (a 
bituminouG ~t,3b(;sto[.:: fr,;lting lnaterial s upplied bJ the; HuLbc;l'oic1 
COlfl(J!llY) vThi ch is utt'ccl1cd by means of a bituminou[~ sol·li l.ol" . 
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Inside this the brick lining is built up in the m;uaJ. way. 

(rhe permanence and satisfactory behaviour of a bricl:: tan1: 
depends primarily upon the skill and care vri th vmich it is erected. 
The somewhat unhappy experience in war - time with such ta.Y11cs is 
largely due to the shortage of skilled labour. 

It is esserctial that perfectly dry conditions should be 
maintained triloughou"L the erection <:l.l1d. that the materials , 
po.rticulD.rly the type of cement , be properly ;:;elected and u:::;ed • 
Th,:;; bricks or tiles should fit closely and the jointin£ materio.l 
be jl,st too thick to be trowelled. It should be:: applied ei"thcr 
by dippin~ or spreading iil D.n even loyer and the tile then 

• 
hD..ll1LltJrcd. into pe si tion. 

As regard:::; the outer eo.sing, -I-rood is not satisfactcry because 
it 11G.S not sufficient rigid:i. ty to ensure proper support of the 
stonevrare . A brick cD .. sing ,yj.th a t!'lick layer of 1)ituminous 

• • 

matt.;rial bchrccn it and the inner tile lining is most ;:;ati3facto:cy. 
Genorally s:r:eaJ.:inSJ hovrcver , brick or tile lined tan\:s are 

to be a.voided Yfhen other suitable materials are available . 

General - .. 

All talJ.c~~ ~3hould be placed squarely on good. foundations so 
that the ':[eight is takE;n uniformly by the bottom. 

They should be raiserl off the grollnd in at lea::;t t'.'TO courses 
of "cid proof brick, 0.11d it is desirable that the floor and 
~urround.lng arcu ~hGuld DO paved '::i th acid prcof brici: .cmd raised 
slightly ,'lbove gcr:'ol'al u;cound level. In genural 1"1ra_:::tic8 all 
acid floCl'" .~hould have 0. <loro of 1 in 30. 

• 

Th(;re ::,h'")ul,l be ~ o.efini te r;lop:; tovT8 cds 0. f,:ully ~;() th· ,t'lL:id • 
::;pil16 ant lU[l' S Cffi1 l.<tsily be "[,"l..,-~hed a''T3Y. ill v;'_lvc3 at the 
bot tom of till; t cc.nk ...;ltonld have 0. plug fJl;lli11d thuJll CJJ.x;r"l..t~d from thu 
tOl' of the tank. 

'rANKS -

81!~l?hur:j..c 
Milrl 

required, 
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Ac:j.d l..gon9QIl:tco.:t;Q_c1) 
3tt.;ul tcJiks :::'Y'O generally u3t.,;d . 
"Sulphustio" is so.tisfactory. 
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Acid TrOEsport and Handl~ng 

Sulphuric Acid (VTeo.k) 
Wooden or mild steel tanks, lead lined, are used. c,;ith warm 

acid there is a tendency for the lead to creep_ 
Tellurium lead is being tried at some factories but there 

appears, so far , to be no definite decision as to whether it 
constituted an improvement . 

Ni tric }~cid (Concentro.t9j,) 
hlllllinium tanks are used. Brick lined tanks have been 

tried at some factories but do not appear to ho.ve created a 
good ~.mpression_ Vn1en tro.ces of hydrochloric o.cid arc present 
(as in retort acid) bl'ick or tile built tanks appear the most 
satisfactory solution of the problem at present . For Si;]9~ler 

tmlks stainless steel has been uscd with satisfactOl',Y results . 

Nitric Acid (YTeak) 
Stainless steel is apparently the onl,Y- satisfo..ct,:r,Y ,;k;tal 

for tanks . For smaller contil...iners chC'mi ("'11 ;-; 1:"11(''\";;'U:0 is 11 0 ;(;(l. 

Spent and 
'Nood 
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W xec1 Acid vri tll more 
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or mild stcul t[Ul.l~~, 
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Jransport of Aci ds 

Acids may be transported i n some fonn of contai ner or through 
a p i pe line . Both on the ground of economy and of safety, the 
p i pe l i ne is obviously to be pref'erred. When, however, c i rcum-
stances demand the use of contai ners, the choice depends upon the 
nat ure of the l i qui d and the amount to be transported. -

I . CARBOYS 

The carboy i s def'i ned as a globular bottle of not more than 
12 gallons f'or liqtli ds over 1 . 2 specific gravity, or 14 gallons 
f'or l i qluds under 1. 2. 

The glass must not be less than 1/8 inch thick and practically 
f'ree f'rom bubbles or striae . · It must be annealed and clearly 
li13rked on the neck with the distinguishing mark of' the maker . 

Por acceptance f'or transport by rail it must be packed in an 
iron or vTOoden hamper wi.th at least ~ inch of stra\7 packing 
b3tvreen bottle and halllper . . The straH must be in good condition 
and when handed to the raihTay, suf'ficiently damp to prevent f' i re . 

When large numbers arc to be transported they must be loaded 
so that movement is impossible and must be securely stoppered. 

Although the use of carboys for acid transport by rail or 
r oad i s not the practice of R. O. Ps and the development of tank 
cars has much reduced their use in industry, they arc still very 
largel y used. In R. O. Fs their use is confined to tra.1"lsporting 
3.mall quant i t i es, mainly for experi mental. purposes, when the 
erect i on of a pipe line Yfould be impracticable or u.neconomical . 
The practi ce should, however, be avoided so far is possible and 
the safety precautions referred to on p . 55 carefully observed. 

/ '::hen occasion necessitates the despatch of acid in carboys or 
other glass containers by rail, the relevant railway regulations 
should be carefully observed 

The typical Brit i sh Tank Car for sulphuric acid is of from 12 
to 14 tons capacity and of thc following approximate dimensi ons:-
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Length over buf'fers 
Overall height above 
Wheel base 
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rails 
18 
10 
9 

ft . 4 
" 6 
" o 

i nches 
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Acid Transport and Han<liing 

Fittings 
( 1 ) 
( 2) 
tank 
(3) 
( Lf-) 
:for 
use 

Length o:f tank ( i nside) 
Di ameter 
Capaci t y 

• 

at 17. 5 Ibs . per gall. 
Tare (empty) ... 
lfateri als o:f construction...:. 

15 ft . 3 inches 
4 I ' 8 11 

1, 560 ghllons 

1 2 tons 14 C'ift . 

8 to 9 tons • 

- 3 mild steel plates ~" 

• 

Shell o:f tank 
ends - sel:f :flanged ~" steo~ plate 

Woodwork - Best English or American whi te 
oa]<: . Tank bearers and stanchions 
Pitch pine • 

• 

Direct acting intE:rnal Vhl ve vii tb re[;ulus meL.l plug . 
2 inch cast iron outlet discharging on oither side o:f 
- 2 inch cocks . 
Cast iron lIlanhole 'I\Ii th lLlild steel lid. 
Cast iron sYlJhon block :fitted on top of tan.k at one end 

nischarging by cOllI})l'es.'1cd air or syphoning . 'r'{hen not in 
this is covered by a blank flo.xlge. , 

Trucks must be thoroLlO'hly inspected o.t rcgulc,r intervals <-wd 
sediment VT2 shed out . Care must be taken to rel:]OVe all water after 
vrashing out . 

So :far as possible, trucks should be filled 2-nd emptied by 
gravity . 

":hen compressed o.ir i::; use'l, 30 Ibs . per SI. inch is 
sufficient to r8~se acid 1. 7 ~r~vity 840 ft . 

It should be noted however that taille cars ir:.vo.riably have the 
rnaximUt.l permissible l'rcf,3LU'C cl(;arly marked Lll)on the]11 ancl this 
should nevcr be eyeeedcd. It is sometimcs as Imf as 25 lbs/sq. 
i nch 

_ (;{;nerall y whencver possible, tank cars should be.; o:f:f- loaded 
by [Tavity or by pumping . I:f necessary the .JLlmp CD.n be primed by 
D.I>plyi ng just su:f:f.icient air pressure to start up. 
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It is ~nportant that the connections should be carefully 
inspected before starting blovring and any pressure in the t ank 
vented before the pipe connections on the tank n.re uncovered or the 
bottom discharge valves opened. The a ir preSSllre line shollld not 
be connected Lmtil the discharge line is sat i sfactorily completed. 
A pressure gauge shollld be p rovided in such a position that it can 
easily be read by the operator . 

';;hcnever possible tank cars shollld be discharged by pL1mp . 
When only top discharge i s avai.lable, the pump may be pri med by 
aPIJlying the mi nimum a ir pressure to carry the acid ever to the 
p ump. In any case the cdI' pressure L1sed on tank cars should be 
kept to thD mini lJ1um necessary for comp.lete di scharge . Seri ous 
acci dents have occLLrred in the U::-ie of compressed air for "blowing 
over" corrosive liquids and the L13thod should be a'.'Oided so far 
as possible. In any case the greatest care should be taken and 
the operations be conducted under eA'})ert sL1.p8rvision. 

PUli.ng Tank Cars _ 
Unless provided with special splash plates, tank cars must be 

filled to the loading bar fixed 5 inches from the crown. 'i'hey 
must not be filled beyonu the official capacity. 

General -
','{hether full or empty, the l!1anhole cover .:md other openi ngs 

must be closed Ylater tight before dispatch. 
Tank cars used for acids are li.able to accumulate hydrogen. 

Naked lights should therefore not be brought near a tank w1til it 
has been properly vented and if necessary pur[;ed. 

Ill. DRUlrs 
• • 

l lild steel drums are used for slllphuric aci d as they are much 
safer than carboys in every respect . 

The Railway Clearing House specification inc.ludes the follow
ing items of impurtance : -

1 . r:aterio.l - lJest cluality mild steel at least 1 2 B. G. 
(2. 517 m.m. ) and 10 B. G. (3 . 175 m.m. ) for ends. 

• 
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, 

PIPE LTI'lES 

. A pipe line must be adequate to' the needs af the case and 
affer as .little resistance to' the flow af the liquid as passible . It must be durable and give the minimum amaunt af trauble in main-• 

tenance 
Under any given set af conditians the capacity af a p ipe line depends upon i ts dimensians and the resi stance it offers to' the flGW af .liquid. Apart from the nature af the liquid the resist-ance to' flaYl depends upan the climensians af the pipe (length and diameter), i ts "raughness" ar frictianal resi stance, and the 

nature and number of bends in it - the sharper the bend the greater the resistance . 
Bends necessarily invalve a certai n amaunt af distartion and hence strain i n the metal vrhicb i nvari ably increases suscept i b ility to' carrosi on. Accelerated carrasi an at bends has been specially nated yrith mild steel pipes carrying C. O. V. at temperatures abave 50 - Gooc . (at Irvine) . Suspended matter also tends to' accumulate at sharp bends and thus i ncreases the tendency to chaking • • On all graunds therefare itr is desirable to' make pipe line::'. as d i rect as pasGible and, in arder to avai d the far1llation of a i r locks, the slope should be continuaus in one directian. 

Permanence 
The permanence af a pipe l i ne aepends upan: -

1 • 
2 . 
3. 

CaIT'ect choice af material . 
AdeqLlate support . 
Pratectian from external corrasive act ians 
such as drips af condensate, or lew(s from 
averhead structures. 

4 . Freedom fram strai n due to movument of the • 

structures to' which it is attached. 

The relative impartance of these items depends largely upon the nature af the materia.ls i nvalved. 

1 . Chemi cal staneYlq.rc is resistant to carrosion but Vf;l:J 
t;cnsitivc to' shack and strain. 
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Aci d Transport and HEmdling 

stoneware lines must therefore be very veIl supported and 
urotected from strain n,nd vibration. Each section ShOllld be 
indivi du8J. l y supported and the joints so made tho.t whilst there is 
sllfficient freedom of movement to take up changes due to vo..rio..tion 
of temperature there is no possibility of individun] movement which 
may cause cracked sections and leaky joints . Joints are of three 
types:- (Fig. 1 . ) 

(i) ~Socket and spigot" and conicnl joints 
This the u.sual type for ordinary pipe lines not 

subjected to any exceptional inte:rnal Pl'coSurC. Wherc 
pressures o..re lilwly to develop the co.nical joirlt is better . 
It is Ctlso useful when corrosive liqLli cl (for eXc'!.!;lple the 
vapours fr01il 0.. ni tric acid retort) DIe i n·,rolveC4 ~:;hichovcr 
type .is used the joint lllUst 1>e so an':lngccl as to face the 
stream of liquid so thc'lt liquid does not col lcct behind the 
packing. 
(ii) Butt Joints_ 

'.i.'his joint ho..o> the CLdvn,ntage thCLt c. s ingle section can be 
replaced y:ithout d isturbing the adjacent ones but i t has the 
disadvantage that it is di fficult to adjust the clmnp so as to 
fonn a sllfficiently tight joint bctvreen the sections Yrithout 
caLlsing excessive strain and hence cracked sect ions or lcaj,cing 
joints. The p8~king hetvreen the butt ends i s usuully in the 
fonTl of Yl3.s\lCl'S or rings cut to s i 3o, by the maker but @ly be 
made up in the factory from the usual materi al::; s uch CLS 
asbestos millboal'd depending upon the selvice conditions wldc.c 
vrhich the pipe i s to be used • 

~~acking Stonewo.rc .Joint~ 
For acid pipe lines the basic matcrio~ is asbestos. Joints 

)f the "spigot n,nd socket" and "eoni cnl types" are first packed 
rith one or morc CLsbestos rings fitting ::;nugly i n the joint ing 
.::hn.nnel follmred by a l ayer of asbestos putty . 

The fonnulau for these puttie::; varies considerably, c CLch 
Jackar having his mm preference . 

A typical f0I111ulae is : -
20 Ibs . asbestos poyrder 
3 " blue; asbestos 

10 " clay 
2.1." Russian tallow 2 

1 0 " boiled linseed oil 
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J.'hc ingredients aro wanned., well kneaded and packed into the joints 
above the first rings of asbestos and foll0\1ed by alternate layers 
of asbestos rings and putty. This PLltty does not set hard and 
therefore acln;its a certain DJnount of moveL1ent nith te!aperature 
change . Where temperature changes are frecluent and considerable 
e . g . in retort mains at least a *" clearance betvreen the ends of 
the pipe should be allowed. 

This packing is not sui table for highly reactive acid e . g . 
hot concentrated nitric acid. In such cases the Rus,~ian Tallmr 
and linseed oil )Jay be rcplacec1 by potroJ.el 11n jelly and the > 

asbestos rings except the onc directly in contact vri th the acid 
should be Holl soaked i n petroloum jelly - preferably socJccd in it 
for at least two hours at about 1000 C. 

Lead piPELJ,ine.§ should be continuously GUrrorted . 
long ripe lines, satisfactory results can be obtailled hy 
tte lee,d pipe inside an iron pipe and then eZI'lnJing ttc~ 

fit tightly by air pressure. 

"'ith very 
pL:l.cinG 
lea l. to 

Alwnini,..um pipe J_ir~§ shoUld be flan,seq, c,c rreldccl 
unreliable for reasons already mentioned ('';0e ~" 

joi nts 
) . 

~1..§.nf,CS 
Where f12.tlge joints W:-.j - used. a sui table packing 111["terial 'mst 

b8 Llsed and. vrith the softer metals an iron backing ring is 
advisable . These 8re split .in trro so that they can be TCli:Ovcc1 
1 •• 'ithout removing the fla·1ge . They arc of stanc1;.,rd Ch.Lc(lsion.::; to 
correspond "rith the flanges . The split shouLl be made to paS'$ 
thronc:;h the d.iametrically opposite bolt holes 20 tha::: y:her.. scre\,C(l 

• clawn there is no :9Ossibility of the free ends sl,ringi n,s , 
Flnnges for 18/8/1/1 s.tainless steel 2.1'e ]1l"l'fer8.bly sere,Jed 

on \rith <' light Held. at the back of the flange. It is 1l.l1JOrtant 
that the '.T(;lcling be carefully dome . If an CL'(y- acetyL:r:c floJi1(; 
be used the flame must be; kept llGutral . An excess of cithe:c -.:as 
has an adverse effect on the) metal and incl'c.J.ses its suscqJtibility 
to corrosion pal'ticuJ.arly 'iri th nitric acid. 
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Acid Transport n.nd .Han(ll~-.& 

EXPERIENCE IN ROYAL ORDNANCE FACTORIES 

Sul phuric Aci d (Concentrated) 
Mild steel or cast j r an i s generally used. The only adverse 

comment i s that with wana acid (500
- 600 ) mild steel piping ,-vears 

out rather qu i ckly at the bends as might be expected. Where 
packi ng at flanges i s requi red, "Sulphesto" gives satisfactory 
resul ts. 

-

Sul phur i c Acid "{eaY.: (60 - 7(Jfo) 
Lead pipe yri,th "Bellite" or "Lionite" packing at the flanges 

is generally used. 

Eitri c Acid (Concentrated) 
Alur:riniwn p:ip;i.ng uith n Bcll.ite" packing and lead piping ,nth 

"Lionite" packing are used and there appears little to choose 
behreen them. Aluminium is lighter and more rigid but unless of 
good '111a1ity and carefully welded, is liable to pin- hole corrosion. 
Scrc'.·;ed flanges are therefore preferred. 

If lead is coupled vrith alw:ri.niWl'l, corrosion occurs due to 
electrolytic action. 'rhe intro, d uction of a soft lead packing 
which can easily be replaced is therefore recommended. 
Earlhemrare piping is occasionally used but th" trouble vrith joints 
is considerable and this practice is not recor.-mended. 

Hicric Acid (We.ak) -. , 

Stainless steel 
• 

piping with "Nitresto" packing is used. 

~pent and Eixed. Ac,id§ 
Lead piping i s usecl except for Ijixed Acids containing less 

than 2o;? nater where mild stcel or cast iron can be used • 

I 
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, 

VPJ.,VES 
. ---. 

, 

Par satisfactory operation i n a chl:Jrlical works a valve lnust :-

1 . resist the corrosive action of the mat,erials ; 
2. operate reliably, Cluickly and easily; 
3. bc' free from any tendency to accumulate scdu,lent and 

chol~e ; 
4 . require the minimum of attention. 
Failure to resist corrosion results results in leaks and 

sticking vrhich are a source of danger to operatives, damage to 
plant and loss of material . A drip of 2 drops a second is equal 
to about a ton a day of C. O. V. The typical acid factOI"J of a 
R. O. F . contains several hundred valves and therefore losses due to 
defective valves may casily a1:10Lmt to a vcry considerable tonnage 
of acid 'within a short period. 

'1'he mai.n types of valve in use for controlling thr:: flOYT of 
1 icju.icls are represented in Pigs , 2 to 9. 

• 1. Plug cocks 
2. Globe valves 
3. Gate valves 
4. Check or non- return valves 
5. Reducing valve s 

; ~any varieties of each type arc available and the choice 
depends upon the natucc: of the material to be dealt '.7ith, the 
size; of the pipe. line: 2o.nd the service roquired. 

I"o:[' the ordinary operations of an acid factory some fonn of 
plug valve is ,invariably used except nhen flOYT must be restricted 
to one uirection in vhich case a check or non- retLU"n valve is used .. 

1 . Tl~JJug, cock..§ .fEi~. __ ~) 
The operation of the plu!~ valve is evident from the dio.grrun 

Yfhich shOYTs the self lubricated type . 
Thc c.ssential feat LU'e is 8. solid bouy casting wi th a conical 

plug pierced YIi th a hole corresponding to the throu~h"'fay of the 
body . -

A cluarter tLU'n of t he spindle therefore cOJn.l)letely opens or 
closes the valve . 
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Acid Transport and HandJj ng 

The advantages of the valve are :-

1 • 

2. 
3. 

Si mplic i ty - there are no compl,i cated parts, 
obstruc tions to the flow of liquid nor dead 
spaces wher e sed i ment may accwnulate or eddies 
be formed.. 
Quick act i on. 
Absence of exposed surfaces 'which may corrode . 

The di sadvantages are :-

1. The rate of increase of flo17 vari es v[i th the 
positi on of the valve consequently it is not 
suitable vrhen a precise control of flovr is 
reql)j red. 
In its simplest fOnll it is difficult to 
corabine a tight fit vrith ease of operation 
If the sides of the plug are too nearly 
parallel the valve tends to stick, nhereas 
i f they are too conical prcssLrre on the valve 
tends to raise the plug and cause lealcs . 
If th", valve is not, sui"ficiently tight it tends 
to leak and corrosion beb-reen the plug and 'body 
causes sticking and rapid deterioration. 

• 

• 

The self lubricated valve represents an effort to remove 
most of the troubles under heading (2) . 

The valve plug is held in position by a top plate and the 
bot t om seating i s sl i ghtly hollowed. 

Lubri cant, usually in the form of a "stick" made to fit the 
valve i s contained in a lubricant chamber above the plug and 
forced dovm through vertical grooves in the sides of the plug into 
the space made by the hollow seating and also between the surfaces 
of the pl ug and t he body . Pressure is thus transmitted to the 
pl ug forci ng i t upwards against the resiliant packing be~7een the 
top of the pl ug and the upper cover plate ~ 

Gi ven the right lubricant therefore lealcing is stopped. 
;3crevring dm-m the lubricating head at once increases the supply of 
lubricant and loosens the plug key forcing .it up'lfards . In thi s 
'ray :sticki ng i s reduced to a lninimwn and when i t occurs co.n usually 
he rCHledi ed by adjustment of the lubri cant heo.d. 

• 
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Acid Transport and Hanaling 
, 

The two most important matters are choice and supply of 
l ubricant and care of the v8l.ve packing. Use of the ,,-rrong type of 
l ubricant or neglect to keep the valve well supplied of course 
renacrs the ,-,-hole arrangement u~eless. If the packing is detroyed 
or loses its re silence the v8l.ve cannot be loosened by adjusting 
the lubricating head and increasing the pressure on the lubricant 
merely increases sticking and eventually pen.lanently injures the 
valve by scoring and distortion of the seating. 

Globe 'lalves (F:1g.3) 
1,1 this type of valve the flow of liquid is easily controlled. 

The nu;nber of turns between "ON" a."ld 1I0FF" c&n be varied yri thin 
,,-ride li:nits and the area of the aperture is practically 
proportional to the turning of the spindle trxoughout the w1101e 
range . 

The objections to the globe valve are:-

(i) the flO';"! through the valve 
consideratle resistance to flow 
sediment can collect; 

is not direct, hence there 
and dead space in which 

(ii) th;J proper closing of the valve depends upon the 
accurate fit of the Llov-ing disc on the seating and a 
very small nmount of corrosion or di;:>tortion is 
therefore sufficient to cause leaking through the valvo 
even if not out of the glands; 

(iii) the sllrfaces of the controlling parts are peTIuanently 
e:90sc:d to the corrosive action and pressure of the liquid. 

Consc~ucntly this type of valvc is not suitable for acid lines. 

• 
~s 

Above 2" "it is difficult to make the globe V81vc operate 
successfully and for greater diameters some fOTIa 01' Gab valve is 
i l1variaLly used • 

Ga te Vc,lve (Fig.!--±:) 
• 

This type is alvrays used for large valves. The operation is 
siJnple o.nd, as in th..; globe valve, the fi.neness . of control can bo 
adjusted by altering the pitch of the spindle thread. Bxcept in 
the VOI'J rare case of' rectal1gulc~r cross-section, hmNVer, the rato 
of' . i.ncrease of flGrr is not proportional to the de'groe of opening. 

• 
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Acid Tra~~o.!'t o.~d Handle ing 

At high pressures the vulve becomes diff'icult to operate due to 
the pressuro on the gate and small bye pass valves Clrc fitted to 
eq,ua1 ise the pressure before opening the mDin valve. Bye pass 
valves 'Ure ne'ccssnry on 0.11 gate volves of 8" and over. 
In the illustrutions a.-ledge shuped gute is shown. Po..ro.llel 
sided gutes rove the udvantugc that they are not so liable to jom 
i n the seating. ~ 

The presence of sludge in the liq,uid causes trouble as it 
t ends to accwnulate in the guides of the gate and therefore this 
type of valve is not to be recommended for use in acid lines. 

Check Valves (Fig. 5) . 
These are used when the flow of liquid must be confined to 

one direction. The ban type is satisfactory up to about ~" -
beyond this it is difficult to get satisfactory results because of 
the 'weight of the ball and the diffieul ty of attaj ning sufficiently 
accurate spherici ty. The svling or clock type is therefore used, 
or a moo; fied fonn of the ball type in which the ball is replaced 
by a specially shaped piece. 

Non- rotative Volve , 

This valve is designed to reduce the wear on the contacting 
parts. 'rhe bottom portion of the [,;tug which comes in contact 
\7ith the seating is detached from the spindle ,mieh therefore 

• 

merely presses it agDinst the seating yrithout any grinding action. 
Valves of this type (e.g. the Cortin and Corking pattern) have 
given satisfactory service in R.O.F. aeid factories . 

NeeoJe Valves (Fig. 6) 
This type of valve is used \'Thero very accurate control of 

flov, is necessary, the mode of opero.tion is clear from the drawing. 

Reducing Valves (Fig::;., 7 and SJ , 

'EMs type of valve is designed to deliver at a constant 
pressure belOYI that bf the supply. 

Entering at (1) liquid pasnccl out throurh the main valve 
oI-ening ~. . .'\.t the SCl.'l1G tilno SOlI~ l)c,sse::: tLrough tho port 6 to 
the choniber 5 Ylhere it operates on the ullu.<.;r~idl:! of' piston 7. 
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- Acid Transport and Handling 

Y.'hen the pressure exerted exceeds the dOYffi thrust of the spring 
(10) the piston is raised and so closes the main passage by 
raising the soati.ng 3. SlJuilarly when th;; pressure falls in 
chamber 5 piston 7 falls again and tho main valve is opened. 
The pressure at "'ilhich the va.lve operates is determined by adjusting 
the SCre\7 10. . 

For steum, sueh valves arc r.:ade of cast iron for initial 
pressures up to 100 lb. sq. i.n. - for higher pressures and for 
YTater, air or gas, gun metal is preferable. 

(Fig.(S) shrn1s a simpler design made in gun metal for use 
.-nth steam • 

It is important that reducing valves should not be used as 
"dead stop" valves, an ordirlDry valve should be placed on the 
high pressure side of the valve and be l:ept oi ther fully closed or 
f!llly open- all rc0ulations being done by the roducing valve. 

Diaphragm Valves (Fig. 9) 
The characteristic feature of this type is that the Vlorking 

parts of the v-u.l"Te are protected from t he liquids by means of Cl. 

flexible diaphragm uSu:llly of rl.:.l)~er< 
'Ihe mode of operation is clearly seen in the diagram which 

shows a tlSaunders" va.lve of the type g::lr..orally used in the T.N.T. 
factories nherc molten ToN.T. is handled and metal to metal 
contact must therefore be o.voided. . 

For this pllrpose, the main trouble is the accumulo.tion of 
solidified T.N.T. yIhich causes stickinp; . In cases ".7here this 
problem does not urise the limita tio.ns of the v::J. ve .lie in the 
ability o"-~ the flexible d.io.phragm to mo.intain its resilience and 
impcnncability over 0. long period. This varies with the severity 
of service [!.nd the nature of t he liquid handled a nd, although the 
diapl1T'cLgm can be eo.sily ar:d quickly repla ced, the use of this type 
is only resorted to uhen some special considero.tion makes the use 
of the 0.11 met.u valve undesirable or iE1Dossible. -

By selecting suitable t yp es of composition f'or the f'lexible 
d.iaphra[\111 this type of valve ca.n be adapted for use with 0. vo.riety 
of' liquids or grlsos. 

• 

The simplicity of the design of theI:l.Ctn.llic portion makes 
this type of' v~:.lvc 5pccially sl":.ito.ble for 'i.pf'lic~i.tion of' gIrlS::> 
and other protective linings. Such valves [Ire largely used in 
handling f'ood products. 
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Acid Transpor!; and IL.'1.l1.dl ing 
. 

2. Vl,LVES . 
For general purposes the plug valve is used. The lubricated 

type has proved satisfactory but one factor'J prefers the "gate" 
~e for handling hot C.O.V. The use of lubricated valves is 
1lll1i ted by their high cost to cases ,mere the ordma:cy type has 
proved unsatisfactory. 

The "non rotativc" type of valve is recommended by some 
factories as there is less wear on the seatL~g. 

Sulphuric Acid (Concentrated) 
• 

cast iron valves are satisf[',ctor',f nr..d "Ironac" is used on 
some lin~s at ono factory. 

Tlhcre packing is requi red "Chlorni te" is reported as 
satisfo.ctory 

17eDk Sulphuric ~·.cid 
Non-ro-Go.tivo vc.lves prefero.bly those of :.ppleton Md HO'rrcrd 

or Roughton ore reccnnnendcd. Pn.cking c.ppeors to be troublesc1i:le 
Blue ,,·.sbostos soaked in petroleum j elly is ust;d but is not 
regarded as wholly satisfactory • 

. Ni trie Lcid (Cpncentra"tqd) 
Stainless steel plug vc-Ives or Ludgate vcrticcl spindle valves 

[:.re so.tisfc'.ctory Md "Chlc,lm te" packing is used. 

'-~feclc Hi trio :.cid 
SirbiInr to strong Nitric l.cid. 

i.iixed and Spent : .eids 
.Jt~.in10::;s ste:el non rotative plug valves ,r.ith ';ChlolTdte" 

packing ~ satisfactory. 'Ilith hot acid, packing is r. difficulty 
nnd no pc.ek:lllg mo.terial SOe1:13 wholly satisfactory. 
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• Acid Trcnsport cnd Hcndling 

• In the absence ofgrnvity flow the pOvrer required to force a 
liquid through a system is supplied by some fonu of pump which may 
act cllrectly upon the liquid or ihcllrectly through the mecllum of 
corr-.pressed air. 

The incllrect method is possibJy the simplest and until 
comparatively recent times was very · largely used for the transport 
of acids • 

, Transport by Compressed Itir 
( 1 ) . Acid Eggs 
The. acid egg in its simplest forr.l consists essentiall ot a 

• vessel sufficiently strong to withstand the required pressure and 
resistant to corrosive action of ' the liquid under consideration. 

... 

• 

It is provided ,;:Lth cn inlet for the liquid and un outlet 
, 

pipe 1ihi ch reD-ches to the botton of the vessel. ' Lir is admitted 
through a pipe line provided. 'Hi th a pressure gauge cnd a check 
valve. 

Such a method has the adv2J1t~ge of s:i.I.lplicity and the fact 
that the liquid does riot C080 :in contact\'Jith the P1.l1'Jp el:iI,)jnates 
mDny mechanical and corrosion cllfficulties. Jl.t the SDme tiDe the 
head agd ns i; '.:hich the liqui d cnn be noved is liI:li ted only by the 
ai r pressure available and strength of the syste':l. 

It ie, however open, to Jilany Cl~:i.i:;icisms: . 

1. 

2. 

. , , 

The efficiency is low. IDlen the egg is CT:1pticd of 
liquid it is full of conprcssed ai r nhich J::1ust be 
relenscd cnd its energy contont cm-mat be used. 
Although it can bc nade sei.:i-[mtonatic it rcquires 
incllvidual attention and is cllscontinuous in operation 
Llthough COITosion troublos in connection vlith punps 
are el:iI.); nated, the troubl.::s vii th vcJ. vus Dnd val vc 
p~ckings under considerable Dnd rapidly vD.rJing pressures 
still rCI:l[J.in, und are c. source of nuch drngcr. The egg 
it ,',elf is also sIlbj0ct to corrosion.. 

Inprovcd PU:.12 design and the introduction of corrosion resist
resisting eJ.loys MS, therefore, led to the aluost cor.plete 

• 

elil..linC',tion of acid eggs for the [JOVCT,1en t of acids in R. C. Fs. 
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As, however, some still remain in u.SC, attclltion r;tay be dravm 
to some of the more serious sources of danger EUld the :J.mporta"lec 
of careful working and periodic inspection 1Ilust be stressed. 

, 
, 

1. Burstin~.of the egg - \{here cnst iron or steel is used 
there is sometimes a -tondency for the acid to penetrate 
the shell and eventually weaken it to such an extent 
that the egg may collapse under even slight pressure. 
(Sce Appendix r). 

2. When the liquid conta;ns partially nitrated substances, 
e.g. M.N.T. or D.N. T. there is a danger of this gradually 
acc1..l1ilulating in the egg and in course of t:ime the amount 
lliay become so great as to cause a serious cxplosion if 
the liquid comes in contact with concentrated nitric 
acid. (Appendix). 
Unless the valves arc very carefully packed and inspec
ted at freque!lt intervals the frequent cnd sudden 
pressure changes cause breakdown of thc packing. Acid 
leoks under high pressures c.re very dangerous. . 

( 2) Air Lift.~,. _ 
The air lift is in constcntuse in most acid factories where 

a continuous circulation of on acid liquor is required, the most 
common example being the absorption tOYTers for nitrous fumes. 

It depends upon the fact that if compressed air is adnitted 
through a submerged jet in the botton of the air lift, the bubbles 
of air carry slugs of liquid .-rith then up the tube (Fig 10). In 
the case of absorption toY~rs this has the advQ"ltage that it 
ensures very int:iJnate mixing of the liquid uith D.ir and, thercfore, 
rapid oxidation of the nitrous fur,1es is effected. 

The apparatus is sir,lple in design, completely automatic EUld 
free from moving parts. On the other hand tho efficiency is lovf 
(though probably higher than that of the acid egg) 3.0; being a very 
fair figure, but ''ili th small air lifts YJi th a 10\[ submergence ratio 
efficiency may fall to :1J'a or 10;;. 

1'.lthough sinlple the action is too corrrplicatcd for mathematical 
analysis. 

, 
, 

• 
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Acid Transport and Handling 
• 

From practice an empiri-eal formula has been evolved. (Fig. 11 ) 

Ht 

v = 0. 8 
• Clog (:rIS + 

• ( 34 

V ::: cubic feet of air required to lift one gallon water . 
Ht::: total lift (from surface of water to the point 

of discharge) • 
118 =, submergence (from water level to the point of air inlet) . 
C ::: a constant according to the table below, 

10 
61 

201 -501 
651 

- 60 
- 200 
- 500 
- 650 
- 750 

The submergence ration 
, 

( 

Constant C "'-= -- . 

) 
_.\ 

) 

) 

245 
233 
216 
185 
1)1) 

varies from 0 . 66 for 
a lift of 20 feet to 0. 41 
for 8. lift of 500 i'c"ct. 

The pprfOrnn.l1CC of an :1.i1' lift cl, 'l)(~llds v"ry much upon the 
Clc..sign of tllC air je t anCl p8.l'ticularly the tllroCl t of the inlet to 
the lift tuOl; . C'ons-::yuently, makers fiur0s for performance llTc'B t 
1)(; b:J-cej" but a fOl'hnlla is a us .... ful guiclr in cstill1atin,s; the 
p1'o1 'ble size ~l~d nwnb .... 1' of lifts required 1lC1 in checking 
1)" r1' 0 l'l;1al1Ce • 

Lost of the trouble 'ili th SLir lifb is clue to p',lcking failuTL;s 
nCl chokin£ Clue to suspended matter, e . t!, . nitrobody in denitr::..tion 

pla1ytG . 
Tll(-' SU1Jrllcrgence tuue 'illd the bottle 'l.:ce invari:lbly of 

C lrthqy,rJ-re , but the lift tube may 'DC of st'linlosD stf-'01 or 
l;orosilic'ltc gl[l8s , 3tainless stuel c clIDot be u8ed for ni tric -
acid cont'lining tr lces of chlorine or hyClrochloric 'J.cid , and in 
'lny c 'sc;, glas::> h:::; the:- aClvHntagc that onc C:U1 sec; ho\,[ the 
app:U'1.tu3 is vfOrking . Vhen metal tuoe8 arc uS0d it is ~,dvisable 
to UGC gluss fOr thE- top section to permit v.isual iw:;pection. 
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Aci d Transport and Handling 
In R. O. F ' s ajr lifts of the type showll in Fig. 12 are largely 

uscd on absorption towers . The submergence ratio is about 307{; 
and the total ILift about 14- ft . Performance v3ries greatly 
according to circwnstances. With 1 inch pipes the delivery is 
about 80 galls . per hour and with it inch pipe about 200 galls . 
per hour. Efficiency is determined to a large extent by the pro-
portions of the no~zle and the mouth of the delivery pipe . 
Experiments indicate that a ratio of 1 to 6.25 for the area of the 
nozzle discharge orifice and the tl1..roat area respectively gives 
satisfactory results even with 10"\7 submergence ratios ,[hich is an 
obvious advantage under the circwnstances obtClining in these 
plants . 

The Tungston Pump (Fig. 13) • 
This ,-ras orisinally designed for handling corrosive liquids 

containing cQnsiderable quanti tie s of solid matter in Suspc:l.sion. 
It consists essentially of two chambers which arc alternately 
filled and emptied by compressed ajr. In principle of operation 
thc:rcfore the machine is related to the automatic acid cgg but it 
does not come within the scope of the :2acGory Act Regulations 
(No . 31) governing the or;e:;.~ation f,nd inspection of [Lcid (;ggs and 
closed tanks . The valves controlling the air supply ere situated 
at a height above the chambers sufficient to avoid the acid coming 
into contact with them. The SystGDl gives satisfactory results 
provided no corrosive fwnes are involved as in the case of spent 
acid. The relation between Dir pressure Dnd delivery is shown 
in Fig. 14-. 

• 

• 

• 
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ACjd Transport and Ha,ndling 
.. . 

PUivIPS 

Types of Pumps • 

• Pumps may be divided into three groups : -
• 

1. Reciprocating (plunger or piston) . 
2 . Rotary. 
3. Ce~trifugal . 

. 

Reciprocating pumps are seldom used in modern chemical p l ant 
and the present tendency is to use centrifugal pumps almost 
exclusivel y . 

The rotary pwnp, however, has considerable merits and is a 
sturrly re l iable machine . During the 1914- 1918 war it was used 
very largel y in the Government factories, the type most general ly 
favoured being the Douglas Pump. 

A detail ed allalysis of the performance of the Douglas Pump is 
illcl uded in the l:Iillistry of l,luni tions (D . E . S . ) Technical Records 
fI Acid ]lix; ngfl (See p . ) • 

CENTRIFUGAL PUk~E 

In the present R. O. Factories the centrifugal pwnp has a lmost 
cOL~letely replaced the rotary, the chief types being the glandle~s 
acid pump and the Lc.Bour self priming pump . 

The centrifugal pw.1p (Fig . 15) with a singlt.) impel ler can 
operateo Ylith heads up to 75 or 100 feet . 

Apart from tht;; inpel ler, there are no TIoving parts so that , 
apart frol!l renewing pD.cking and vreoaring rings, they give littl e 
trouble provided they are propcrly used. They can handle l iquids 
containing a considerable uuount of suspended l!lattt.;r vrithout 
chokinG or danage • 

An :iJ,portant feG.turl~ is that the iDpe l lc;;r speed can be the 
SDlIlC as that of the motor so that the pump may be coupl ed direct l y 
wi th the motor thus gi Villg a compact efficient unit which, iri th 
sui tabl e " f l ClIlle proof" devices , is particularly sui table for use 
in eA~losives factories . 

T.be Impelle r 
With t h e ordinary open :iJnpeller (Fig.16o. ) there is consid~rable 
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Acid Transport and HandJ.ing 

p ressure . 
str a in i s 

Furt her as there is. a free f l ow back to the swnp no 
imposed on the system if the valve is c l osed against the 

p ump . _ 
The most important advantage , however , is the absencc of 

gl ands and s t uffing boxes requiring accurate packing. The only 
porti on sub j ect to serious wear is the impeller though casings 
have sometimes proved deficient in Hearing quality . 

As there 8re no rubbing parts in the pwnp (a definite leakage 
c l earance being provided round the shaft) it is possibl e to run 
these pumps empty as there are no parts requiring l ubrication by 
l iquid and the power conswnption is negligible . The pump may be 

• 

run continuously and thus automatically primes itself Y7hen. the 
liquid rises in the sump to imp",ller level. 

As the design .is simple this type of pWl1P can. be made in a 
variety of materials . 

For Spent Acid, v1eak 
(60 - 7076 H2S0~) 

Sulphuric Acid, 

For C. O. V. (95}b H2S04) 

For Vleak and Strong Nitric Acids 
(40 - 98%) 

Sc:loF PRIMING PUHPS 

• 

Denitrated Acid 
Regulus Met&! 

Cast Iron 

Stainless steel 

In order to operate efficiently the centrifugal pump must 
be full of liquj d and cOElpletely free from aj r . 'IThcn the feed 
to the plUllp is by gravity, this is easily achieved but otherrrise 
:pome r.1ethod of priming the pm:1p is necessary. 

• 

• 
TEE LABOUR pm..iP (Fig . 18) 

'l'his is effected in the LaBour' self priming punp by [leanS of 
a speCially designed casing vThich includes 0. separating chDuber 
ond on :iJnpel ler chamber yri thout a volute . The liquid at first 
passes into the separating chamber (C) and flows back to the 
impel ler chanilicr by chonnel (A) , air escaping through the del ivery 
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pipe . When the impeller chmnber cmd sepnrating chomber are full 
of liqui d the pwup functions normally. 

Packing LaBour PUlliogS 
The design of the LDBour pllr.1p is such that the gland is on 

the suction side of the pump but a small amount of acid l eaks 
back and in any case the entrcmce of air must be prevented. 
Special packings are supplied by the LDBQur Company though same 
factories prefer those obtained from the Crane Company. 

The frequency of packing depends upon the service required 
of the pump and the care with wh ich it is used. Generally, about 
once a TIeek seems the usual practice though in some cases fresh 
packing is required eve~ ~70 or three days . This , however , seems 
exception31 and, if persistent, a search should be madc for the 
cause . 

Whcre self priming pUTJpS are used to raise li<pid on the . 
suction side, it is necess~ to ensure that there are no air leaks 
because, hovrever small the entrance of air prevents the pump 
operating at full capaci~. 

The design of the suction system sho~ld also be s uch that 
air locks ,cannot be formed cmd that the depth of liquid above the 
suction inlet is sufficient to guarantee that no air can be drawn 
• m. 

, 

For LaBour pumps the impell()rs are generally made of R. 55 
alloy for all purposes; the casings are;-

For spent acid, weak sulphuric 
( 60 - 7ry/v) and denitrated acid 
For C.O.v. ( 95,% H2S04) 
For nitric acid all strengths 

}Ton-metallic Pumps 

- Regulus :lvIetal 
- Cast Iron 
- Stajnl ess Steel. 

Chemical ston8YTD.rC is not , from the engineering standpoint , 
a ve~ s uitable material for mechanic31 constructions involving 
moving parts or accurate dirnensions . 
Pumps can, hOTI~ver, be made satisfactorily of spccial earth-
enware and are used in some factories. As might be expected the 
mai n trouble is fracture of the illlpeller and the expense of 
replacing it as repair is not possibl e . A compromise is the 
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earthenware Jined p1.lIDp.. Such pwups are used f:or liquids such 
86 hydrochloric acid "Vlhich a.ttack any metallic substance but such 
conditions are seldom encountered in explosives factories and the 
gen~ral experience is th~t any advantage vihich superior resistance 
to corrosion may give is more than balanced by the lack of strength 
and the ~Ipossibility of repair on site ,T.ith the consequent high 
reost of complete replacement of parts. 

• 

Care and :Maintenance of Centrifugal pumps 

1. Erection 
As pumps require frequent wld careful attention, is is impor-

-tant that they should, so far as possible, be erected in well 
lighted positions convenient of access. The best 170rkrnanship can 
only be expected if the best facilities for its perfoI'lflancr::e are 
provided. 

2. The suction system should be arranged so that there is 
no risk of air being dra'ffL in either through lcaks or insufficient 
~mllersion of the suction end. -

3. The pump should be fiI1nly attached to its bed-plate and 
care taken that it is correctly aligned with the motor so that no 
strain is transmitted to any part of the pump from the system to 
whicil it is cormected • 

4. 'There corrosive liquids are used1 care must be taken 
that none fCllls upon the bed-plate or foundations as corros-i.on 
vnll eventually cause unevenness and throw the pump out of 
alignment. 

f 

5. Packing 
It is extremely important that both the paeking and the gl~d 

or stuffing box should be perfectly clean and the packing cut 
exactly to size. When rings are made up from strips, the ends 
should be cut square and the joints staggered. When packing is 
completed, the gland should be tightened Lip with a spanner and 
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, 

then locsened back and make finger tight. As the pump " runs in" 
the packing should be gradually tightened up . If packing is too 
tight and becomes hot the lubricant melts out and the packing 
becomes hard and may even char, with the result that the shaft is 
scored. Gri t and dirt , of course , have the same disastrous effect. 

packing is too often regarded as an "odd job" whereas, in fact, 
there are few operations in yrhich careful and clean \7orkmanship 
yield such high dividends in increased life and reduced maintenancc 
costs . 

Although the centrifugal pump may be allowed to work against 
a c l osed vnlve ...-rithout suffering direct injury, it must 1)e 
remembered that , under such conditions , considerabl e heat is evolved. 
A c<.;ntrifugnl pump full of water uorking against D. c l osed valve 
vdll raise the HD.ter to boil ing point in about 15 Dinu tcS . 

In the case of acids the rate of corrosion usually increases 
rapidly l7ith tenperc..ture; consequently the noar on the puup'is 
grec..tly increased. 

Cavi tation 
Much of the trouble due to rc..pid ,{ec..r of the pw-:rp casing is 

due to inperfect primine; or leDks on the suction side of the pUDp. 
Bubbles of air caught by the ir:rpellor find l odgement in the casing 
c..nd a high 10co.1 pressure is developed ,men the bubble eventually 
collapses the casing receives a shock which often repeated TIears 
a hole or springs a lenJ.<: joint . Unduly rapid wear of the casing 
especio.1ly if it repeatedly recurs in the S['.J.1e place should b e 
noted and the irJpellor and the suction notion cDrefully overhauled. 

CD.vitation is primarily caused by too sudden a change in 
dire ction- ve loci ty of the fluid in its passage through the pump 
and may be due to faulty YTorlananship or design or to unsuitable 
operating conditions . 

Cavitition may also occur in the passages of a control valve 
I 

vrhen too great a direction velocity change is caused for example 
vmen the valvc is partly closed • against a high pressure and 
delivers to a low pressure system. 

The effect is that of a local ""fater hammer" of high 
f:ccqucncy and produces a characteristic rattling sow1d. The 
pitting caused may aggravate the trouble by causing further 
changes in the v(;locity and direction of the liquid. 
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Inspection 
All pumps should be inspccted relSu larly by a workman specially trained for the work, particular attention being pc..id to :-

(a) the :Lupoller and the shaft - note the extent ond nature 
of Hear and corrosion; 
(b) the glal1.ds , stuffing boxes and packing - note y:hether they tend to get hot during a run and if there is a.ny sign 
of SCOr-il1.!; on the shaft due to dirty, or othervrise defective 
packing; 
(c) casing and mOLmting - note if there c.re ony signs of tmdue corrosion or strain. Ylhere ['.cid drips are frequent, 
it is udvisc.ble to protcct the coupling bet\-rcen motor o.nd pump by covering it yri th a shield of some resistant mn terial • 

Records 
It is strongly recolllmended that each pump be giver.. a 

distinctive ntnnber and a card index be kept of all repairs and maintenance. Only in this way can aD accurate record be kept of the cCElparo.tive performance of pumps under varying conditions and undue rapidity of uctcrioration be detected. -

The Co s t of PUr'rping 
In chenicc.l works - particularly acid factories - the actual cost of pwnping is cemparatively ncgligible . Efficiency or pur:tpi.."1g is thoreforc less important than reliabili ty-, lOVT -r.£'.intcrJ.ancc costs and long life . 
The follol7ing extract from the records of the i\linistry of J"iunitions D.E. S . 1918, relates to Douglas Rotary pumps but applies c~lially to all types as regards general principles • 

• 

• 
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• 

TABLE IV 

(L) 

r',) r:J,r~ ll',r-'l· - ,- ... ..::.- "C~ 
_ ~ oJ.·.l_-'" lo ... u(j l,,-J.l. ....... 

S ----r-----.------~" 

I r.l' i ... ~. -ID ~ rej '1-l s::: '1-l s::: g 
t.O"""r!rej 0 'r! al. 0 'r: + ('J.! 
'"'." G"' r' " \.u <.U \U" ...--' .l ~ d 
,.... p., cd p., ID p.,., '.' p ~ , • 
gll q c· • r ,. . ..-< I 

--
d • 

, ~. .- ,-f-"" -J' -,' ....... _ ~ - -
d. d. 

;>~. ~ '-H"i.--: H ,.. "./ 

" _+'_O_P-_'+-H_P_", _;:'1 ·H ,..-< ,,:; ;::" ~ ________ . __ _ 

TNT mi xed acid froni --, 
mixers to blenders 

TNT nixed acid from 
blenders to storage 
tanks • 

• 

TNT mixed acid from 
• 

storage tanks to 
nitration houses 

• 

90 per cent. sul ... 
nhnric acid from 
• 

concentration plant 
to • rnxers 

93 per cent. sul-
phuric acid for . 

retort feed fronl , 

mixer to storage 

90 per cent. sul-
• 

ph'd.c acid from 
sw • ,-,ge to oleum 
pl~_t 

• 

:>4-711-1 

25 

25 

25 

48 

30 

30 

• 

5~ 17,000 0.04 0.,';0 0.07 0.61 

-6f 20,000 0.06 0.43 0.07 

6.1!. a: 20,000 0.04 0.43 0.07 0.54. 
.' . , 

-

-2.9. 5,500 0.13 1.16 0.1.6 1.45 4 

• 

3 12,000 0.11. 0.53 0.04- 0.68 
I 

6 ::'0 , (''':' , 0.07 0.32 0.04- 0.43 
__ L _ - • • 

• 

1 

• 
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"In this table power is reckoned at 1 d. per unit. The 
maintenance costs, the material cost for which includes cost of 
new pwnps and parts, represent fair averages for the year 1918. 
It is evident that maintenance charges constitute the heaviest 
item in the working costs, particularly the cost of material. 

As the efficiency of a Douglas pump decreases with continuous 
working, it is customary, when this figure has declined to below 
50 per cent. of th.e maximum, to operate two pumps at the same time 
rather than to replace the PLUl!ps immediately. This conrse is 
taken in view of the low power cost in relation to the cost of 
ronevral of the pUI:lp. 

The least satisfactory case is sholiIl by the P1,llJlPS used to 
deliver 90 per cent, sulphu.ric acid from the concentration plnnt 
to the storage tanks at the nixers, As oentioned elsewhere, the 
most troublesome factor undoubtedly is the high tcr_~erature of the 
acid, \/hich is nainly responsible for the excessive woor Dnd tear. 
This is seen fror.l the fact that, when the tep.rpernture is reduced 
to about 20OC., the cost of Pl:ill.:.)in.g the same variety of acid is 
reduced approxiT!lately 70 per cent. Centrifugal pumps have since 
been substituted to s9me extent for Douglas pumps for use with 
this varie~ of acid. 

In conclusion, it mqr be stated that the duty for TIhich the 
Douglas pUlUp can be said undoubtedly to have justified its selec
tion is that of pumping mixtures of ni tric and sulphuric acids. 
Provided that the acid be kept cool, little trouble is experienced." 

• 

Efficiency of Centrifugal Pu,nps 
The operation of the centrifugal ptlmp depends upon imparting 

velocity to the li~uid by means of an impeller. ~7hen the liquid 
leaves the nrpellor and is ti1rO,7n out into the casing, this 
velocity head is converted to static head. 

The performance of the pump, therefore, depends upon:-

1. 
2. 
3. 

:,4711-1 

The spc.ed of the impeller; 
the dcsign of the impellor; 
the efficiency of the conversion fran 
velocity to static head which depends 
on thc design of the cDsing in relation 
to the speed and design of the impellcr. 
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In practice the ef'f'iciency is alf~o ,<1.f'lcc-Led by the design of' 
t he pil~e line whi_lst the life Ol the pump is ve:s largely deter" 
min~ 1 1:>y the nature of' the liquid pumI?ed and the care vii th which 
t he pl"J.'p is treated. 

As these pumps are usually coupled direct to the motor they 
are in effect constant speed machines . 

The effect of the various f'actors upon the performance of' 
the punp is indi cated in the curves (Figs . 19 and 20). 

It ... 'ill be observed that the ef'ficiency CUt'vc rises to a 
maximu~ and, theref'or e , f'or any pump there is a def'inite set ~f' 
optimL~n conditions. 

For example , the pump represent'3d in Fig. 20 would work most 
ef'ficic:ntly (about 6.:%) when it delivers about 110 g.p.m. at 
150 f' t;. head. The cOl."Tesponc1ing opt:iJnum conc1i tion f'or the pI HIJp 
rep:,· ,3r;nted in Fig. 19 arc 45 g.p.m. at 32 f't. head and 6:fo 
eflic.icncy, whereas at 45 g.p .m. the f'irst pWlJp would develop 
nearly 160 ft . head ·out the efficiency ,/Quld be less than .50,36 
\ihilst at 32 ft . head. the efficiency would be about 4%. 

I t is the object of the maker to produce as flat an effici
ency CUl~e as pOSSible , so as to give the greatest possible 
flexibili ty in apera-:;ion and, on the other hand, the purchaser 
should endeavour to use the pwnp under conditions consistent yri tk 
the ma:d r.:um efficiency. . 

In this connection it should be noted that apart f'ran the 
l oss of efficiency oue to running the pwrrp under unsui table con-
ill. tions, e. g ., l eaving the pump . g idle, there is an adverse 
reaction on the whole power circuit if multi-phase current is used. 
Under such conditions) current is throvm out of phasc and this 
affects the eff'iciency of all the other machines in the circuit. 

The. Solc.ction of Pqlnps 
T1.8 c<,,'lc-ction of a punrp of thc required capacity depends, :in 

the first place, upon: -

1 
2 
3 

the amount of liquid to be moved in a given 
thl: height to which it must be-raised; . 
nE. tUJ -e of the I iqu.':'Uj 

It has also to be decidcd: - • 

• 

-

time; 
• 

-

• 

• 

• 

• 

, 

, 
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a At what speed at which the pump shall '\7ork (R.P .li.); 
b the dia~ter of pipe to be used. 

The cost of the line depends upon the 'freight of metal Dnd 
this incI~ases considerably more rapidly than the dinmeter 35 the 
larger diameter demands a greater wall thickness. This, honever, 
TTlfJ.y be more tlwn compensated for by the lcn-;er pOller consumption in 
pumping a..i.d hence 10Hor maintenDnce chro-ges on the pu.rrrp and less 
tendency to. choking in the pipe system. The first step is 
therefore to estimate the total nmount of work required of the 
pump Dnd to express it in terms of equivalent head of liqui d. 
The elementary ITk~thcmntical troatment of the problem is 
discussed in the Appendix (p. ). 

The total dynt' ... lnic head is thc height of a COlunUl of 'f>'t!.ter 
c~]ivnlent to the algebraic sum of all the pressurcs which the 
pump hns to overcome in moving the liqui d from onc place to 
another. This includes:-

1. Rnising the liqui d to Cc gi van height; 
2. overcoming resistQnce due to friction against the 

pipe surface Dnd to the various obstructions (valves, 
bends, ch.mges of dimensions and so forth in the system) • 

It ,rill be noted that .... rith viscous flow the frictionnl 
resist1'Jlce is proportional to the viscosity of the li~ui. cl. , whilst 
vii th turbulent flow vi ::;cosi ty is incll.lded in the Reynolds nueilier. 
In the case of a centrif'ug::J. pu.mp operating at constant sj?ocd the 
volUY.'.Q delivered is ind~pendcnt of the viscosity and grav-ity of 
tl:.o :J..ic'.:ill. but tho poy;er required is affected by both. The 
of=~icic;::.c=-Jf' o)cr~.ti ::.n is therefore ni'fected~ As ..,iscJSi ty 
'[[.ries '::-0:-.t1:, in th teIT.florr.tures, nc;L thcr can be neglected in 
C rCc- , ... ~; .. ·~- .L11e "'-OCC1'''''''1"C~''''-'1 for ""le "'''''m (..~..l... ~._. - '-' _~ _:...;; v. Cl -'- .!. :::.. tll..J. . lI! IJUJ.~ l. • 

~'-c :::':3S of heccd duo to bonds and v::trious fitti~Bs is 6iVC'!1 

in to:',-·.:; f' 'yui valent l~ngth of pipo in Appendix Trco:"e b. ) . 
" _ ..... " ··""'sl"b'o to e-'eul~.Le "Il't'11 r"'r'O'rn""lo '-'c-'---"-' ~:- - 0 '.J._ .j.~ J!..J........ i.l..J.. ...... v \ ...... 1. • ..;,)'.J ... J............ (_~ .__ ..... "" ... ,l_ 

lcr ~-..I .~_.t ~.:(:.i.L'"'~)l"'11 I'ipo cqui .. v· ... '~cnt to t11c sy-stem un~cr il"'-rc;:-·~::"c::["--

ti .. 
-r:,LZ.. ' -

. , , 
• • 

• , 

• 
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friction and reduction of effective diameter. This is particu-
larly the case in dealing with acids, and therefore, the selection 
of pipe diameter should err on the Generous side-• 

• 

-• 

• 

Two' cases have to be considered: 

1. 
2. 

, -

Continuous pumping, e. g. the feed to a dr.mi tration tower. 
Discontinuous plunpin~, e. g. the trunsport of stated 
qu.untities of acid from onc plant to another at 
intervals. 

The formor appears the more exacting as regards efficiency 
a~d reliability of the plli~p over long periods but in practice, 
i;he second requires no' less care - - the pump must be relied upon 
to deliver the requisite quantity of acid in the stipulated time 
whenever desired a~d the continual stOPPinb and starting of the 
punp involves ;r08.r and tear to un extent which, especic.lly \-;ith 

• 

unskilled labour s.uch as must be accepted in y;ar-tiae, not 
infrc'qucntly ],lOre tbc.n balances the effects of continuous 
operation. 

• ROTARY PUlES 
• 

~he rotary ~urup consists essentially of two rotating parts, 
the silIIplest fOTIa of uhich is illustrated in Figure 21. Liquid 
is cClrried round in the cavities frOM the suction side and forced 
out to the delivers side Ilhen the spnrs engegG. 

In the sinplest farns, the flo,{ of licuid naturc.lly tends 
to bp pulsating - the liqni d b eing forced out in gushes as the 
parts rotate. Very little webr is necessary to cause consider .. 
able loss due to leaking back to the suction side. 

A morG satisfactory tJ~e is the Dougles pump (Fig.22) '~lich 
was usod very ~xtensivcly in the last HaT and fOWld to be part i
culr;'rly successful 171. th mixtures of sulphuric [md nitric acid. 
This type of pump is still in use at some fac "Gories, [notably 
Royal Gunpoudcr Factory Y!altham Abbey. ] 

F?lloning is 11 sununaIY of the experience ,d. th these pumps 
at one of the Royal Ordnance Factories • 

• 

• 
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Gasket 

Packing 

Carrier 
. 

Shaft 

• 

• 

Acid Transport and Hand1j ng 

Tf~T:t:! VI 

Material 
: 
i~--:-__ ~-;--.I, I F-='E'--____ ~c__--
!I!aste lWig (1) Haste Acid (2) 

I 6(}~ H2'304 6~; H2S04 
I 20';'; 11N03 13;S HrT03 
2~6 T!ater 19;~ :l"ater 

KHngerite 

1000 - 1/54" 

Blue Asbestos 

and Mineral Jen-y 

' . 

• 

Indefini t ely 

3 - 4 J'lonths 

3 - 4 months 

Brown paper and 

mineral jelly 

Renewed on repair 

• 

Indefinitely 

Stainless steel 

shaft. Indefinitely 

The irapollor blocks travel in the channel between the casing 
and the crescent attnchecl to -:2:e )?Ul":l:? body, and push the liqui d 
before them tm-rards the dc1i7ery side. The d..rum makes 1t 
revolutions for each revoluti oD 0f the i~pellor c~d is adjusted so 
thnt en impellor block er..ters 'c!:r;J cn.vi ty on the delivery side nnd 
drives out the liqni d at the ["".~¥J t:"r .o o.s an other impellor block 
leaves the cavity on tho 3uct2on ~iC0 ,~d, in doing so, ~amits a 
cOl'l'espondir..g ['..mount of 1i1t1id. ~:"l t~us Yfrry, the flo\7 of liCj1.lid 
is kept precticnlly stcc.dy. 

r:;:'l~e capaci ty of the ptu.l? .::.c::.~c~· - ;~ Cll!. t:1e speed of rotc.ti on end 
the crepe.ci ty of the rrcin circ:"'::.:·.:i:;:1 c::r_':lbor. 'l'hc ncid in the 
cc.vi ty of the drun mbrelY acts ::-.f: i.'. v: -':';.:~, -:1:e Ql.:.:mnt cxpelled nt 
"w'e s;dc .. ,,' ~~c~ng t1..-t t-'-cn' "" .... ~ · e ., Ll' ~r ~"d .... 11e v~ ""1r' of >J. • __ : ... h :...J.. c.. ..... ... .L. l. J.i...l l-!\.... 1 n v J. ... Lt ..;, ! v v ~.... ..... I,. .j .. v ..... .J.. l,.. ~ • u..,.o 

the crlvi tics eompcnsrltcs for the volur.:o ::;f the if,lpollor blocks • 
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The circulation challll.,<::.t· exl..euds :I:"or 2/3 of the ci1:(!\lJlIi'erence 
but as the drum makes 1.,!,- revolutions for one l:\.;vulntion of the 

~ 

iml,ellor,.. the volwno of the delivery for oach revolution is equal 
to the volume of the circula-!:;ion 8ha.J11hcr if completed to full 

• 

ci rcle . . ' .- ". 

, -
, 

'Exampl e - a 3" purllP: -' : 
, 

liean diameter o1~ circulation ch;;Lrnbcr 12t" 
r,'idth 
Depth 

11 

" 
SI~ed of impellor 

, 
Effect~ve volume of 

" . 
" 

-

11 

" 

. , 

2 __ " 
2 

4" 

75 r.p.m. 

chD_rnber = 3.1416 x 12i x 2tr x 4 

= 384.8 cubic inches 

Volume pu~ed per hour = 384.8 x 60 x 75 
= 1731600 cU. ins. 
= 1002 cU. ft. 
= 27.9 tons water 

, .. 

, 

, , 

In practice, this pump delivered 47 tons of acid, Sp.Gr. 
1 . 835 which is equjvalent in voL1Jne to 25.6 tons of Hater. 

Efficiency = 25 . 6 
27.9 

--

, .. 

• 

, 

Corresponding data for I'. ne\7 2" purnp gnvc rul efficiency of 8:10. 
Thc speed of the Dou~l[~s purnp is 310'.'[ compn.red .-li th that of 

the centrjf:u.b-J.l (::..bout 1/10) .~nd this m2.kes for dumbility. . 
Thcre is a tendency to "se;j-ze np" if the rump stcnds idle 

for marc thrul [\. dD.y m1d therefore [\. stc.nd- by pUl1P should ['~w[\.ys be 
run for a few minutes at le::wt once rr day . 

The folloi7.ing records from the If'.st \7P..r illustrate the kind 
of service Yihich m:,y bc expected :from such PU-TTJ.'''s . A"l ir,lportant 
ferrture is the ~rec..tly redueecl life v,hen deding vii th .'1.cids ;:et .'1. 
high temperature . ". , 

1. T.N.T . mixed .'1.cid (79.5 H2s04, 17 . 8 Bl'T03) ,above 32ob. 
c['.u8ed either the irlpellor or shaft to seize up. 
20.'; sulphuric rrcid. The life of the l)urnp vlith the 
[.1. • ..:icl rrt 45°C . was less th.'U1. hnlf tk.t vii th the acid rrt 
29 J . ' , 

• • 
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IN ROYAL ORDNANCE FACTORIES 
, .-

• 

PUHPS 

GeneraJJy speaking Centrifugal Pumps have superseded other 
pumps though rotary pumps of the Dougl as type are still in use and 
also some acid eggs~ - notably at Waltham Abbey. 

The majority of' pumps are either LaBour self primi,ng pump or 
• 

glandless acid type. 
The LaBour pump in some cases gives an undue amount of 

trouble with regard to packing but this is largely accounted for 
by the dearth of skilled labour and in some cases the quaJ.ity of 
the packing appears to be at fault. Only in onc case is it 
suggested that trouble with the glandless aci d pump in other 
directions (not spe<i!-ifically stated) more than balances the 
advantage due to absence of glands and therefore the troubles 
associated 'with packing. Thi s certainly should not be the case. 
vnth a proper.ly constructed and carefully opera ted pump. 
Entrairunent of air in the suction system and defects in the design 
of the casing or material used may account for unduly rapid break
do,m and some cases have arisen, especially in the early part of 
the vrar, where this has occurred. 

Sulphllriq Acid 
For acid over about 75 per cent H2S04 both glandless acid and 

LaBour pumps have been used. 
Regulus metal, Llloy R. 55, stainless steel an~ cast iron are 

all in use. Stainless steel i s mentioned tn onc case as being 
good but is of course expensive . The use of R. 55 alloy for 
impellors in the Lallour pwnp 1S generally recommended. For the 
glandless acid pump, cast iron is satisfactory. Regulus metal is 
apt to wear out rather quickly. The glandless acid pump appears 
preferable for low heads and intermitttent working ... 

racking for the Lo.B~llr ~Jl 
Some criticism has been raised concerning the packing recent1y 

supplied for the LaBour pump as not being equal to the old and 
some factories are buying their packing direct from Crane Company. 
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llc i d Transport and Handl ina - -. . ~~ 

YL~ak Sulphtp:'ic Acid, ,60 -:J5'Jf,_ 
Regulus metcU is generally used for gl alldless acid pumps . 

A Hathernware stoneware pw;rp has proved satisfactory at Ardeer but 
trouble due to breakages is reported. Carelessness and l ack of 
competent workmen is blamed for this. LaBour pumps, preferably 
with an i mpellor of R. 55 are proving satisfactory . At one factory 
an "acid bronze" containing 89 . 3% copper and 10. 7;{' of 5% phospher 
tin is used. 

Nitric Acid (Concentr$.teqJ 
Stainless steel i s mainly 

satisfactory . Wi th glandless 
provided. 

used, though R. 55 has proved 
aci d pumps an cU uminimn sump • 

J..S 

With LaBour pumps, packin& llresents some difficulty and Stlme 

factorie s prefer "Chlornite" to the standard LaBour packi ng . 
A pump of the Guthrie type is preferred to LaBour by one factory 
but another considers the LaBour better. 

Weak Nitric 
~--.---

Stainless steel is generally used and in the case 0f LaBollr 
pumps there is the same complaint of packing troubles and 
"Cblornite" packi ng is preferred in some factories . 

Spent and iTixed Acid . ' - -. - _ .-- - . ,~ ---- - .. --
Regulus metal is generally used and glandless aci d pmnps are 

more common than LDBour though one factory appears to think that 
Lwour pumps mi ght be of advantage. The Douglas Rotary pmnp 
vrhich was highly esteemed for this class of acid during the lilst 
'far, is still proving satisf.J.ctory in this war at some factori es • 

• 
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SAI"ETY PRECAUT IONS'~ - -- - _. -~- - - ---

The dangers in han<iling acid liquj ds in R. O. Fs are of t>-ro 
kinds : -

( 1 ) Acid burns caused by actual contact with the 
(2) Inhaling nitrous vapours given off by nitric 
and mixtures of nitric and sulphuric. 

• 
-

acid; 
acid 

• 

The first concern of' the management is to prevent accidents . 
There are two important methods:-

( 1) Desi gn of tl:te plant so that the operators are. not 
unnece ss=-i Iy eXllosed to danger • 
(2) Provision of' protE-o tive clothing and appliances . 

Should an accident occur, it is important that:-

• • 
(1) The injured person srl.Ould receive skilled attention as 
quickly as possible; 
(2 first aid materials should be immccliate ly available ; 
(3 operatives should h.-uow where they are and hon to use 
them. 

The provision of first aid materials involves some difficLllt 
questioYJ.s . '1'here is a danger that :-

(a first aid materi'lls on the plant 1.1[W beCOlr1(; cotltruninated; 
b be unskilfully applied; 
c the usage of these in any case leads to b1'e3.ch of the 

rule that all injuries however slight must be dealt vath at 
the surgery . The tende.ncy is therefore to redLlce f'irst a id 
m3.terials to the absolute min.imwn necessary for safety till 
the injured person reaches the Surgery . 

t.'~B ~ The whole subject of safety precautions and factory 
hygiene has recently been dealt "l"rith in "Factory Health and 
Hygiene " (IIemorandw,l No . 6 Min.istry of' Supply R. O. F. (Explosives) 
51404) which should be consul ted • 
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Acid Transport and Handli~ 

Le sign of Plant 

(a) \7hen liquid is being transported by hand, the obvious 
danger is due to spills. Transport in this case covers carrying 
srunples from plant to test bench or. laboratory as "'ifcll as larger 
qUE.nti ti0s in carboys . In either case a clear passage-way free 
from obstruction is the first essential . If stair-cases are 
unavoidable , wide slip-prooi' steps at a reasonable angle (less 
than 45 to the horizontal is recommended) should be provided. 
This is some"w'hat a cotll1cil of perfection as the necessities of the 
plant often eXercise a deteImining influence but the object should 
be to approach the ideal as nearly as possible . 

Cb) Carboys should never be used if' it can be avoided. 
\Then however they must be used, they should always be enclosed in 
cages packed vii th stra"w o.nd the straYI should be drunp . Single car-
boys should always be transported in a wheeled carrier and -.-rhen 
possible should be emptied by means of a carboy syphon. • 

vThen in special cases these mechanical appliances callnot be 

used:-(1 ) 
Carboys should be carried by tvro men provided vi th acid-
proof gloves, trousers and boots . 

2 The carboy should be securely sealed and not too full. 
3 There is considerable danger of cutting the hands on the 

IJlGtal basket particularly Yvhen lifting heavy carboys 
\. e . g . filled with C. O. V. ) The grip should therefore be 
protected by rags or some stout materhl in addition to 
the acid proof glove . 

Carboy containers should be c D.refully inspected. It 
frequently happens that the iron-work becomes corrodGd yri th the 
result that the cage may collapse under strain nith disD.strous 
consequences _ 
2 . Tr.ansport through pipe l~nc~ 

The liqui d in this case is invariably under pressure and 
danger aris/'fs through;-

1) leaks from pipe line ; 
2 leaks from valve s; 

I 

3 unexpected release of acid left in pipe lines during 
• repalrs ; 

(4) sudden break- doym of valve packing or fracture of valve 
mJring attempts to adj ust or repair it whilst in actu~l 

• ser Vlce . " 
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Leaks_im Pipe lin~ 
When there is considerable pressure, leaks may resLill.t in [} 

f'ine streDIll of acid being projected to a considerable distance, 
which is a seriou~ danger particularly during hours of darkness. 

So far as possible :-

( 2) 

(5) 

pipe l i nes should be so placed that men do not have to 
walk under them. If this is unavoidable catch trays 
should be provided particularly in the cases of highly 
corrosive liquids such as hot nitric acid and especially 
at points such as the joints between sections where 
experience shons that leaks are most, likely to develop . 
it should be UlTIleCessary t9 pOint- ouCthat thare should
always be plenty of head-room. thouglL-this is _ often 
forgotten particularly when the pipe line crosses a 
stairway or ladder . 
Acid pipe lines should not be laid near electric cables 
or where leaks from the pipe line may come into contact 
with the cable . 
when a pipe line has to be repaired, it is most important 
to ensure that it is co;npletely empty before work is 
started_ upon it . In any case vihen breaking a pipe line, 
a man should ne~~ stand in the line of discharge . 
This of. course involves proper design of the plant and 
pipe line . It must be possible for the operator to 
stand clear and do his work in security and reasonable 
comfort as regards physical conditions. 
-rv-here a branched line is served by more than one pump~ 
both pumps must be blanked off and the line passed as 
safe for bre~~ing by a responsible authority before 
work is started. 'T'his of course is most important 
when the pumps in question are widely separated or 
under the control of difi'erent operators. An alterna
tive safeguard is to remove the fuses from the starting 

-gear. 
(6) pipe-lines should be frequently inspccted. Breakdown 

is often revealed in the early stages by the appc~rancc 
of salts produced by corrosion e . g . sulphate on lead. 

- . or l.ron plpe . -
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Acid Tr ansport and Handl ing -

3. 

• 

• 

Valves and Cocks 
(1) Valves and cocks should alvvuys be in easily accessible 

positions ,vith plenty of room round them for the operative 
to YfOrk upon them. 

(2) They should be frequently inspected and packing (V/here 
used) replaced at the first signs of corrosion or 
breakdovm. 

(3) vVhen a valve sticks and G..'lnnot be moved by normal 
application of force, the line should be emptied and the 
valve properly inspected and readjusted, Attcmpts to 
force a valve which has any pressure of liquid behind 
it is a frequent S01.lrCe of serious accidents . Stick
ing is often the result of oorrosion due to the use of 
an unsuitable nu teric.l for the valve or use of the 'I7rong 
type of packing , 

4-. Acid Tanks and Vats 
Acid sto:r8.ge tanJ.;:s o.nd vats should be placed on good sound 

foundD.tlons , Concrete is genernllyused but is open to the 
objection that it is raridly destroyed by acid. The; r esulting 
uneveness of the foundations nny thrOY{ excessive strain upon the 
tank. Acid proof brick is preferable where possible , Tanks 
should be so placed that complete inspection and if necessary minor 
repairs can be conveniently llk1.dc on site . 

The inspection nnd rE.pnir of these acid tanks comes i,-,ithin 
the scop':; of th", Ft .. e;tory Act , Chcmic:"l RegulatiCJns 1922 Nos . 7, 8 
and 9 which Dust be (;xposed in the factory in such a position till t 
':\.11 viorb:::rs C2.n reo.d thelil . 

Thr" tops of open tanks should be at least 3 ft . o.bove floor 
level and if it .is necessary to use a stool or ladder to look 
inside, it must not be so high that a man can get more than ymist 
height above the top of the to.nk. 

In the case of small feed tanks on the upper staging of a 
plant precautions l;ru.St be taken to prevent overflol"rs or 113aks 
falling upon operatives on lower staging, 

In the case of closed tanks, e . g , boilor tanks there should 
be free access of air to prevent development of pressllre due to 
change s of tempera tllre, chemical reaL. tion etc . 

• 
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Acid Transport and Handling , . 

5. P.rotectiv~ Clo~tng and AJ2pliance!3 
A complete suit of protective clothing is supplied to acid 

workers. The following points require special attention:-

• 

6. 

(2) 

(3) 

(5) 

( 0) 

Ja9kets - These should be kept fastened \Jp and sleeves 
should not be too long or vride - many accidents are 
caused by loose clothir:g catching in things. 
Trousers - the bottoms should be tucked inside the 
=~=-"-

socks. 
Bqots - Rubber boots should be carefully inspected for 
holes and conditions of the treads. Defective treads 
often cause slips with serious consequences. 
Gloves - Rubber gloves should be Vlorn ,"{hen handling 
acids. Long sleeyed gauntlets are generally not 
desirable. 17hen circumstances demand their use the 
sleeve should not be too vride. Jacket sleeves should 
of course always be tucked inside gloves or gauntlets, 
not roll,ed up. It is important to examine gloves 
carefully i'or slits especially between the fingers o 

GoggJ,~ - It is difficult to get men to Viear goggles 
particularly on plants where there is condensation or 
the temperature is high. Their use should be insisted 
upon vrherever a man is engaged upon work where acid 
splashes are likely and especially when handling pil-"O 
lines and valves where acid is under pressure. 
Gas ractsks - these should be worn wherever nitrous .--- --
fumes arc present or when entering a closed space 
which has not been tested • 

PIffSIOLOG IeAL ACTION ----. -- - -.-- . 

It should alw,,'-Ys be remernbered that the conditions in a 
chemical works are i'avourable to the development of septic 
couli tions in even trivial wounds. Prompt attention to c~l 
injuries is therefore essential. 

Su;lrlhnric Acid 
. - - .--.. _- .. _-- _.-. 

s.'Le immecLiate effect of :::mlphuric acid is dehydra tion of 
the tissues. . If' the acid is removed qui ckly no very serious 

, 
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effect beyond cl. rather painful blister, which heals fairly 
quickly, results. I~orc prolonged conto.ct causes actual charring 
and distruction of the tissue Hhich may become septic and in 
any case is slm1 to heal and usually leaves a permanent scar • 

• 

(2) IJitl'j,c .f'.cid 
The actiOtl is more ra1'1.u and drastic than tt.at of sulphuric. 

70.e tissues are almost :irm.:edi2.tely destroyed and unless the acid 
is quickly removed, deep seated and ver'J painful YlOunds result 
YThich are slon to heal and readily become septic. \ 

NitroLls Lcid 
--~.:.=: . 
Susceptibility to nitrous funes varies greatly.. Those "\Tho 

suffer frOM chest and lung troubles are very l[!uch l:!ore 
susceptible than healthy youn[; persous. 

The ?,eat clanger lies in the i'act thu.t the effects are 
-

frequently not appar-:.:n.t until severol hours after e:z:poslTe . 
' .. hen the immediate irritation has (li~"'Plearcd, the suLject is 
tempted to think tho.t. no fw:ther trouble \"Till arise . 
Often, hovTever, the seriolls effects develop ::lany hours later. 
If tb3 effect 2.Fl"ears <::.tf'ter the subject has left the factory 
the cause of his collapse anu the best method of treatment 
are not likely to be l~n.oy."L'. nor the proper treatl.lcnt to be 
availaclG ';;11.ich groatly increases the danger of serious 
caqJlicn.tions. It is therefore i.1}?ortant that any operative 
\"Tho ha::> been subjected to nitrous fwnes shoulcl 1:Je e::Q;,ined . 
as soon n.s possi l)le by a cOJ:lpetcnt a'lthority . Until that is 
po::>sib1e tht: patient should li0 dovm in tb:: i're;:;.L air. 
On no n.ccount shoLl1d a per::>on sUb.iect to even ciight sassing 
be al10';[eo. to proceed unaccompanied to the sUl'seIY . 
lfcg18ct, particularly in the case of oluer I,.en and those ,;ith 
1I_;rccJ.< chests" r"ay p:;:ove fatn.l. ',;hen e:.;:po::;....:d w.:protccted to 
nitrous fmaes it is inportn.nt not to bre'1.thc deeply . 
P.::.pid short breaths should to tal:en thus restricting the attack 
of the fumes to the upper part of the lungs. 

(i/-) Oll19Y r9-ses 
7he clanger 

nitrou::> fumes. 
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Acid Transport and HandJj ng 

Acid tanks, especially iron tanks used f'or sulphuric acid 
are lial?le to contain appreciable quantities o.f arsine a."YJ.a-/or 
sulphuretted hydrogen both of which arc extremely poisonous. 
The production of these gases, and of' hydrogen is accelerated 
by the presence of water Ylhich may be absorbed from the 
atmosphere when a tank is left practically empty for any length 
of t'Lne. 

Gas mask~_ should be regularly inspected and recharged 
according to a definite scheduleo They shoLud be disinfected 
after use and passed by the recognised authority (usually the 
''I'orks Safety Officer) before being again put into service. 

First Aid on the Plant 
• 

(1 ) Acid Burns 
The most effective treatment is the Umnediate application 

of large quantities of ,1ater - ~dth sulphuric acid a little 
-~1ater is worse than useless - it raerely raises the temperature. 

Baths full of' clean tepid n a ter should be placed in 
convenient position. L-:1ll1ediate total immersion of the injured 
part should be the objective o 

(2) ~n.ju;cy to the ~~ I 

A suitable eye l;ash is -?# Sodium Bicarbonate. This should 

, 

be kept in a special and distinctive bottle on every plant 
together 'with an eye bath'a_ All operativcs sh·oula · be .. instructed 
in its proper use. 

It is irr~ortant that the bottle of eye ~ash be distinctive. 
If an ordirary sample bottle be used there is a danger or a 
mistake which may have very serious consequences .. 

(3 ) G-assing Case s . 
For reasons already explained this is a matter f'or 

Gkilled treatment at the first aid centre. Those who have 
been subjected to fwnes should be sent to thc surgery even if 
the in:J.1cdiatG. apparent effects arc only slight. They ,must 
be accompanied by another porson. 

J 
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Acid Transport and HandJj ng 

Acid tanks, especially iron tanks used f'or sulphuric acid 
are lial?le to contain appreciable quantities o.f arsine a."YJ.a-/or 
sulphuretted hydrogen both of which arc extremely poisonous. 
The production of these gases, and of' hydrogen is accelerated 
by the presence of water Ylhich may be absorbed from the 
atmosphere when a tank is left practically empty for any length 
of t'Lne. 

Gas mask~_ should be regularly inspected and recharged 
according to a definite scheduleo They shoLud be disinfected 
after use and passed by the recognised authority (usually the 
''I'orks Safety Officer) before being again put into service. 

First Aid on the Plant 
• 

(1 ) Acid Burns 
The most effective treatment is the Umnediate application 

of large quantities of ,1ater - ~dth sulphuric acid a little 
-~1ater is worse than useless - it raerely raises the temperature. 

Baths full of' clean tepid n a ter should be placed in 
convenient position. L-:1ll1ediate total immersion of the injured 
part should be the objective o 

(2) ~n.ju;cy to the ~~ I 

A suitable eye l;ash is -?# Sodium Bicarbonate. This should 

, 

be kept in a special and distinctive bottle on every plant 
together 'with an eye bath'a_ All operativcs sh·oula · be .. instructed 
in its proper use. 

It is irr~ortant that the bottle of eye ~ash be distinctive. 
If an ordirary sample bottle be used there is a danger or a 
mistake which may have very serious consequences .. 

(3 ) G-assing Case s . 
For reasons already explained this is a matter f'or 

Gkilled treatment at the first aid centre. Those who have 
been subjected to fwnes should be sent to thc surgery even if 
the in:J.1cdiatG. apparent effects arc only slight. They ,must 
be accompanied by another porson. 

J 
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Acid Transport and Handling -- - - -

Operatives whose vrork compels them to enter a fl1J!le laden 
atmosphere should be cOlJ1pelled to yrea r gas ma sks and if the 
spaces are enclosed e.go a tank entered throug,h a manhole should 
hD:,rO a lif'c line, and a companion in constant attendance outside 
the tank. 

This contin60ncy, harrover, should. be a"\raided if' at all 
possible. The space should be purged and passed by a competant 
authority n.f'ter tests according to regulations, beforo any ono 
is allo'ired to enter it" 

• 

• 

• 
• 

• 

• 
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F~~w of Ligu~d th~~~~ P~p~s 

In addition to raising the licluid to a given height , the 
pump has to provide sufficicn-b 8nerv to overcome the frictional 
resistance of the walls of the pipe and t:le r0sistances of 
obstucles such as valves and of chclJlges of direction and v.:;locity 
causo-l by bends in the line 3nd altcrations of diameter. 

For purposes of "c;Jlcu1ation, the total resistance of all 
these items is calculated a.:.; e r.luivCJ.1cllt beau of liquid. 

In the casc of chemical plant handling such materials as 
sulphuric .:md nitric acid the problem is not capable of accurate 
solution as , apart from irregulorities in the pipes themselves , 
the action of the acid rapiJ1Yt.1terJ the natnrG of the surface 
and hence.; the friction[\]. rr';"ist'Ulcc . In '-'.omc casus, it j,1[-ty even 
'llt81~ the eff",ctiVG l1iClJneter of the pipe to nl1 . rt.:!:~preci; ble eztent . 
In practice , therefore, the choiGC of IJlant is largely dctermined 
by the result s of cxperiel1c() iJlcl pr~\.cticrLl tCitS . 

It i.J def\i l'i1hle , hOWeVlll', td consir1cr briefly the mcrin 
factors involvl'd jn c1ei,,>l'mi il"["l':": the amolmt of nark which will be 
demimdcd of the pump 'U1.d the exLunt to vrhich this m.'l.y be modified 
by thu CD.mCl1Siol1f ,mu design of the pipe lil'.c Dnd att!1.cru:J.cnts . 

Rutu of flow - Belovr ~l certain critical velocity, the flow 
of lilluic1 is ;Jtrerunline or viscous , tlut is , it obeys the well 
lal0vm IaYTs of vi.3C(1US flow 

32~ Lv 
= gr)2p- - • .. . . . . " . . . , .. . , .. 

Hr == heo.c1 of liquid reqUired to overcome resistance 

rL == Viscosity (lb e; . per ft . per sec.) 

p == density (lbe; . per eu. ft .) 

L == length of pipe (ft .) 

v .== velocity (ft . per scc . ) 

D == diruncter (ft .) 

g == gr~vity (32 . 2 ft . per sce . 2). 

• 

• 

Above the critical veloeity~ flow id turbulent, ~1Jld does not 
obey the .,imple lavr. 
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Acid Transport ruld ~~dl i~g --

3. ' Entrance 
case , i . e . r atio of 

loss, e . g . from tcuik may bc 
areas = 0. 00 8nd K = 0. 5. 

-'-, ' ,l o ::uwn as specl Lu 

4-. Exi t 
r Clt i o of area.s 

loss from to.nks 
= infinity , 1\ = 

may usually bc ignored , 
0. 0. 

• 

5. Velocity head = v2 P---
2g 

6. Coils ----

The rusisto.nce due to coils is corilplicated by the fact that 
the velocity at 17hj.ch flow bc:coE1cs turbulent depends upon the 
curvature of the cOl l. 

'th0 prob"cla W8 S j llVU,j I;ig: ,1;,,<'1 by C. H. White (Proc . Roy. Soc . 
J~. 1929 . 123 , 61.,-5) "jlU a S1lJ.ll'lfU'y 01' the ,.mbjoct is [jivcn by 
H. M. Sl)iers (l.'eCl lllic: Ll D~'..ta on }luel, Lonlon 1937 p . 76). 

rho t:'blcs below are b:'..scd on C. M. White r ;3 nork and G.re 
quotuc1 by Spiel'S. . 

'I.'11e rl!si;..;tance clue to Cln L!quivr,-lc'ut 1 c;l).F~th of si,r~:i..ght pipe 
i,3 cCLlcnlrttcd and the-cl 1'1111 tll'l l("'rl. by thl! :ll'l'l·uIJ.L'jntc.: factor . 

For ::.; tn:;; 'Jlll-i ll<J fl uw the l't_:~ id LT lce :i.s a fm:ction of the 

• 

f '" vDf x (D 

'1 \ 2R 

vlllC;re D th(:; diameter of the pipe ruld H the retdius of the coil. 

• 
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-- --- -- T---'----- --- - -.. -- .-
I 

VDf \ / D_ ') I F'actor i "'VDp x - D --- 'x ' 0 . 5 f I,' ,--- - - 0. 5 
'1', .. , 2R/ h 2R 

F'actor 
f 

" 0" , . ,.. 
, 

-# - • \ ' 1 I, , 
X 

f D '\ 
__ 0. 5 

'2R 
F'",ctor 

f 
-- .. --- - - - -

10 or less 
29 
30 
110 
50 Ct. ) 
60 
70 
80 
90 

100 

.-- .- - - --
1. 00 
1. 05 
1. 12 
1. 19 
1. 25 
1 . 31 
1. 36 
1. 41 
1. 46 
1. 50 

I , 
I 
I , , 
I , 
, , 
, 

, 
I 
i -

- --- --- -- _. - -

150 
200 
300 
~oo 
500 
600 
700 
800 
900 ( 13 ) 

1000 

1. 71 
1.90 

I c. 22 
I 2. 48 
1 2•71 

2. 90 
3. 09 
3. Z7 
;. . /14 

, 3. 61 , , 
, - --0 ____ " ______ ~_ .. _. _ _ _ _ __ , ____ j ____ _ 

( ,\ ) At values exceeding this, tllri.Jul en t flow exists 

• 
(B ) At va l ues exceeding this, turbulent flo\'l e.\ists 

\ +r - .-- -.- -

, 
In 

j 

• 

1 I 
, I 

I 
i 
[ 
I 

11 CO 
1200 
1300 
1400 
1500 
1601) 
1700 
1800 
1900 
2000 (C ) 

- --

2R 
co 11s having 

D 
2R 

in coils Laving D 

- --

--

I 7. 76 
3 . 90 

. L . 04 
', . 17 

'L -0 . ) 

4. 43 
- . 55 
4. 66 
4. 75 
k93 

- '-

:2050 

50 

(c) At values excccdinb t.Jli.c::, 1.111 "/.JlJ1cnt flll\V ("lx t st.s lJl coils l1.:1\"-inb ~ - 1t; . 15 

• -

For turbulent flow 

f 
I,D 

l , --- e 
R 

where D -- diar'letel' of the pipe 

R - Raclius of the coil 

, e = 2. 718 
• 

- - ---
- . 021-:03 

, - ---, 1 I D . 06 . 08 
I I . 01 . 01,_ . 05 . 07 I . 09 • '10 -n I ______ t 

,--f-, 

I 
1 . 06 

I 
" 1 . 03 1. 10 1 . 13 1. 17 1. 21 1 r, r: 1 29 1. 33 [ 1 . 37 1: I . ~:J 

I 1 • • , 
- _____ -.l - -- - -- "-" -- , 

' - -

D-l - - - - -- - -, - "--- ....... "- i -- .,.- -- , - 1-- --, 

. 12 I . 1 ~- . 16 . 18 I . 20 
I 

. 22 . 24- ' > t: . 28 I . 30 - . LO 
R 

, 
I , , I , , - - - -- - i - - - - - - j- -

f L~'~~ ~ ' ~ 1. G5 1 . 76 -1 . 87 2. 00 ? '13 i 2 . 26 2. 4-1 2. 57 , - 1 __ -- -- - --
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Data concerning the pipe lincs in a tYl)ical R. O. F. T. H. T. 
factory are given in Table 

The normal limits for acid flov! appears to be from 1000 
gallons per hour through a 2 " pipe to 6000 gallons (an extreme 
case) through a 3" pipe and the average may be taken as about 
3000 gallons per hour through a 2 " pipe . 

the 

Taking the case of C. O. V. (967'~ H2S04) 

Viscosity 
Density 

--
--

19 . 57 c . p . 
1 . 834 

Reynolds numbers are 

( i 6000 g . p . h . 3" 
• plpe 

( ii 1000 g . p . h . 2" • Plpe 
( iii 3000 g . p . h . 2" • plpe 

-- O. 0131 British Ulli ts , 

115 lbs . /cu . ft . --

Re 11950 --
2986 
8962 

Flow is definitely turbulent in two cases and indefinite in 
the third . For general purposes therefore; the flow in factory 
pipes may be takcn as tUl'bulcnt . 

Using the fonmllae (2) and taking the Reynolds criteria as 
12000 , 4000 and 9000 respectively the resistance of a pipe line 
may be calculated assuming turbulent flow. 

( i ) 

( ii) 

54711-1 
, 

6000 g. p . h . 3 " 
• 

5 . 2;1f-8 ft . plpe - cu . sec . -

Re - 11950 -
L - 100 ft . -

Friction head - 28 . 09 ft . -
( formulae 2) 

1000 g . p . h . 2 " • 2 . OL~ ft . plpe - scc . -

Rc - Lf-OOO -
L - 100 -

Friction head HT - 0 . 673 -
(formulae 2) • 

Re --
which 

LI-OOO is the lovrcst vcU.ue at 
turbulent flow is definite . -
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Acid Transport 
.---- -- -- and --

• 

. If stream l:ine flow be assumed then 
• 

Hr I:::: 

-
32 x 0 . 0131 x 100 x 2.OLf-2 

=---- ------ - -- -,- -
115 x 32 x 0 . 1667 x 0 . 116 

:::: 0 . 8371 

It would, in J)ractice, be safer to assume the higher figure 
in view of the irregul,cu::5.ties ill cl1emic[l -j pipe lines and the 
change.3 in resistance Jue to deposits etc . fOl'med in opc:c'[(tionoJ 
processes . 

( iii) 3000 g . p . h . 2" 

Re 
Friction hl;Qd 

• plpe 6 . 121f- ft . 

9000 

3 . 636 

per s(,;c . 

It will be 01).c:crved that the friction hea.d rises veTY 
rapidly vnth incroasing rates of flo1,'r . Thus using the SLllllu 
methods of crJ.cul[ction for cC rlmf of 200 gallons per minute 
through pipes of 2, 3 Q'ld )-1- inches diamctur the; friction head 
per 100 feet is 

• 

Coils _. 

2" pipe 
3" 
4" 

" 
11 

133 ft ~ 
40 " 
10 " 

A typiccJ. case js i-hot of the prcheatur in a. c1lnitr~tion 
plant the ,Jimensions of '.-rh:i.ch arc usually 1~" cli: (meter pipe 
length 100 ft . rauius of coil 2 ! 6". 

• 

'1'hG rate of flow of :JIJent acid is E1bout 10000 Ibs. peT hour 
;"'ry 600 gallons . 

Velocity is thure;forc 2 . 18 ft . per sucond (SQy 2. 2) . 
The tempJratUl't; vm'ie.:l from about 15°C . 8.t the inlet 

unc1 70° Qt the uxist . 

54711 -1 
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4c::i,cl _;rransport , ~l1d I:Iancttil.1g 

Taking 40 0 as an average 

, • 

Density:::: 1 . 6:::: 99 . 68lbs . Der cu. ft . (say 100) 

Little data is available as to the viscosity of spent acid 
but is of the order of 6 to 7 c . p . (say) 0 . 004 British units . 

1 eX 
Reynolds Criteria =--

100 X 2 . 2 

. 004 
:::: 6870 

flow is turbulent and using the fOl1nulae for a 
straight pipe -
Friction head:::: 0 . 987 

Factor for the coll 
, 

12 1 -;''', _ _1_ 
R-15"-10 :::: 1 . 37 

Fric.:(;ioll hp[ll fur "oil is tll("l.crul'" 1 . 37 J~ 0. 987 
:::: '1 . y; i 't . 

The .e;eneral principles of the centrifugal pump may be 
{luJrun8Tised as follows . 

Li'juirl entering the eye of the iml'ellor 
the blauc and finillly is tln'owll off the tip . 
direction at this point is determi,ncd by the 
ana its pe::ripheral vcloc.:ity as shm'l11 in fig . 

• 

is {'orced along 
The veloci ty ~lild 

angle of the blade 
23 • 

VB - Velocity parallel to the surface of tho blade . 

-

-

• 

Peripheral velocity (tru1gGntial to the circle of 
rotation) • 

The resultant volocity. 

- Angle of the blade . 
---- -------

them Vu - V 2 + V 2 2 V V -- B T + B T cos . 

54711 1 70 
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~cid Transport anq Hanq.ling 

The direction of VR is given by the fOIllDJ] a 

sin. cC = VB sin j3 
VR, 

Neglecting the viscosity of the liquid, the pressure increase 
due to the pump will vary as thc square of the fluid velocityo 

The povl8r input is proportion81 to the cube of the speed of 
rotation., 

The following relations obtaL~ if: 

. Q 
H 
N 
P 

--
--
--
--

Q if> 
H 11 

P 11 

capacity (g:ills. _per min.) 
head de\"elv}Jed 

-revs. pel' m:ll1. 
power consumption (shaft H. P. ) 

proportional 
II 

It 

to N 
It Q2 
11 Q3 

Assu."'1ling t'ro pwnps to be of exactly similar design and 
neglecting disturbing factors such as 'Viscosity of liquid, 
surfi.lCC roueJmcss cmdi rrogularit ies, etc. 

Sll 
Q2 

--
N1 
n2 

P1 
, 

P2 

H1 
-- H2 

Q1 3 
='~ 

Q2 

- ~ -- Q22 -

m3 
-- J:r23 

These similar relations do not apply in pr&ctice over 
extended variations or for SWill pumps dealin,3 vdth viscous 
liqUids. The eff iciency of centrifugal pumps increases with 
sizc Md speed of' rotat ion. • 

The above "reh-,tions may be further SUIIIri1.'l.riscd in thc 
eqUJl tions: 

( 1) ~_ = constant and 

\lit 
(3) N ,,'"Q 

. -~-----
nO. 75 

54711-1 

, 

( 2) TID =-= constant, hence -- . 

v'n 
= constant -

, 
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~cid Transport and Handling 

The expression HQ?, is termed the o:;pecific speed of the pump 
nO. 75 

mrl my onc vvlll.C fur this jnclullos all the condition.s lto'x~f'.nnry for 
similar flow of liquid in PUlJlllG of ~imilnJ: gcollletric design so 
that, knowing the values for anyone pump of the series, those 
for any other can be calculated by substituting the new values 
in the equations . 

It follows f'rom this expression that low specific speeds 
require high head with low capacity and speed of rotation . A 
high head demands a high peripheral velocity so that a large 
iIT,lpeller vrith comparatively small passages is necessary. These 
small passages naturally increase the friction losses and there
fore there is a limi.t to yrhich design can be pursued in tIus 
direction. Generally the lowest practical limit for the specific 
speed is about. 1 ,500 vrhen Q is measllred in gallons per minute. 
The upper limit is determined by the erosion due to fast moving 
liquids and the ability of the p.lmp to \/ithst2Ild the vibration 
and stresses set up. It is, of course, desirable to fix the 
specific speed as high as possible so as to reduce the d:imcnsion 
of the pump to a mi n:iJnum. 

In practice, it is not possible to use speeds above those 
of the electric motor, i . e. 3,600 mmc:iJnum and usually for chemical 
works about 2 , 000. 

The theoretical H. P. required to raise a liquid is : 

where : 

P 
H 
Q 

--
--
--

H.P. -- OFH , 

550 

density (lbs . per cu. ft .) 
total head (ft.) 
cubic ft. per sec . delivered 

. In practice, the efficiem:y of pumps used in acid factories, 
when in good condition, is between 60 and 7afo. . 

It vrill be noted that, at a.YlY given speed, the volume of 
liquid raj sed by the plUnp is independent of the specific gravity 
as the process is essentially onc of converting energy (velocity 
head) to potential energy (pressure head) . On the other hand, 

54711-1 72 
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Acid Transport and HlID.d1:i.ng 

t h e power required is proportional to the density of the liquid 
and both viscosity and density are factors in_ determining the 
f riction head. 

This is an important consideration when changes of tempera
ture are involved as both viscosity and density 8l~e reduced. 
Thus Vii th C. O. V. (951~ H2S0Lj : 

, 

ViSCOGity 
Density 

. 

19.57 cps. 
1. 838 

The friction head at 750C. is therefore: 

5. 32 x 1.781 x 100 -
, 19.57 x 1.838 

= 20& 

75OC • 

5.32 cps . 
10781 

of t hat at 25°C. At 250 0 . the friction head is 35 times that 
of water under the Sa.Ire condition but at 75° it is only eight 
times . It is therefore necessary to take into account the 
physical properties and the temperature of the liquid when 
seJecting a pwnp and to bear in mind that, unless othervr.i.se 
stated, manufactnrer's data concerning pwnp performance alvrays 
relaiJc to vrator at ordinary atmospheric tcmperah1re. 

It some pases, it is also necessary to cons~der the vapOL~ 
pressure of the liquid. Liquid on the suction side of the pUl-r.nGP 
is under reduced press'ure and, if the vapour pressl1re of the 
liquid is high compared with the pressure in the pwnp, bubbles 
of vapour are fOJ:'TOOd vrhich, on passing to the pressl1rc side , 
collapse thus producing the phenomenon of cavitation already 
discussed (po 29) . 

Wlien it is necessary to reduce the delivery of the PwnP1 
this may be done either by reducing the speed or throttling the ., 
exit . 'The former is to be preferred as throttling reduces 

• 

efficiency and increases erosion of the throttle. There arc, 
hCTllever, limits to this as shovm in Fig. 24-. 

Reducing speed low0rs the general level of the head cc1pacity. 
If the off\:ctive head of the system increases in such a v,ay that 
the system heud curvc cuts the heud capacity curvc in tv/o ploccs , 
an unstable condition mny orise. Srnn.ll momentary changes in thc 
he::..d capacity cnuse a rapid oscillation betwCl,n the .hlO points 
givjn~ ris" to hcnvy vibration throughout the system. 
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Acid Transport and {landl in~ 

Tabl e 1 
• 

-
• 

Specific Gravi t y - I bs . per Cll. f~ • 

Sp. G-:- l bs . per Cll . ft . 

1.0 62.3 
1.1 68. 53 • 

1. 2 74. 76 
1.3 80. 99 
1.4 87. 22 
1.5 93 . 45 
10 6 99 . 68 
1e7 105. 91 

• 1.8 112. 14 
1.9 118. 37 
2.0 124. 60 

• 
• 

Table 2 
, -- ' 

5. Viscosity - cps . - Ibs. ft. sec. . -
• 

Cps . Ibs . ft . sec. 
, . ,.~-

1 0. 000672 
2 0. 001244 
3 0. 001916 • 
4 0. 002LJ138 
5 0. 003360 
6 0. 003832 
7 0. 004704-
8 0. 005376 ft 

9 0. 006048 
10 0.006720 
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Acid Trnnsport and Handling 

Table 4 
• 

Reynolds Number (Re) and Friction Head H 

• 

• 

, 

5471 1-1 

H = (0. 0001906 + 0. 001 771 ) 
Re 0. 38 

Re 

4000 

5000 

6000 · 

8000 

10000 

20000 

I. 30000 

40000 

60000 

100000 

500000 

1000000 

• 

• 
• 

76 
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D 

x 

0 . 0002664 

0.0002602 

0. 0002556 

0.0002488 
, 

0.0002441 

0.0002316 

0. 0002258 

0. 0002222 

0. 0002176 

0. 0002129 

0. 0002027 

0 . 0001999 

• 
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