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Introduction 

In the production of crude petroleum .from oi.l bearing 

.formations, the methods o.f produot1on used are auch that they 

of'ten agitate water present in the tormat1011 with the petroleum 

to form an emulsion. Thia a gitation may be caused by gases 

bubbling through the oll and water, or by the .flow o.f the two 

liquid.a at high velocities through small openings such aa 

pump valves or .flow beans. In order that a permanent emulalon 

be .formed under these con41t1ona, an emulsifying agent muat 

be present in the liquids. some of the substances which will 

act as an emula1.fy1ng agent are microscopic paraffin .flakes., 

particles of aephal.t, resinous material•~ .f1ne.ly d.lvided clay 

and napthenic ac1da and their salt.a. All these aubstancea are 

£ound 1n petroleum and aaaooiated formation water, .finely 

divided clay being the moat common. The t'1nely d1v14ed par

ticlea .form emula1ona when they are wetted by the two liquids 

which compose the emula1on. I.f one ot the l1qu1da weta the 

solid particle more than the other. the liquid-liquid interface 

wll.l be inclined 1n the direction ot the l.iquid which poaaeasea 

the ealler wetting power. thus making 1t the intemal phaae. 

When the emula1.ty1ng agent 1a a substance such ae nap

then1c acid which has a hydrocarbon group on one end and a 

water aolubl.e group on the other end• the action 1a bel.ieved 

by moat author1t1ea to be as .follows, the molecules of the 

emula1.f'y1ns agent orient themselves ao that the hydrocarbon 

tail 1a 1n the oil and the polar carbo.xyl gr<>Uf: ia 1n the 

water. The emula1.fy1ng agent thu• .forms an interface which 
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surrounds the dl aperaed phase and aeparatea 1 t t'rom the oon

tinuoua pbaae. In general, the phase in which the emula1tp.ng 

agent 1a more soluble becomes tbe external or continuous phase. 

Economically. these emula1ona represent a huge waate of a 

va1uable product aince in many cases they are given only a 

relatively a1mple destabll1&1ng treatment which removes only 

free water and loosely bound emul.s1.f1ed water. The fine grained 

tightly held emulsion which doea not respond to treatment col.

lecta 1n tanks and treating equipment where it is per1odically 

removed. In J.arger 1natallat1one such as field storage tanks 

where huge quantities o.f emulsion have collected the oil. is 

nearly al.ways reclaimed, but in equipment aueh as lease tanks 

or gunbarrela where tb.e quantl ty of oil 1 s cona1derabl.y auller 

and harder to handle 1 t 1a nearly alway a bumed. 

In the paat. considerable attention haa been given to the 

reclamation o.f emulsions 1n general and as a consequence. n~

merou.s methods have been devised. For the most part these 

methods are the r e sults o.f cut and t .ry procedure. however, 

and represent no r eally aetent1.f1c appl,"oach to the probl.eJD. 

One o.f the earlier and more simple methods is known as the 

1hot water waah' ( 6). Thia method oons1ata o.f pasalng the 

oil-emul.aion mixture through al.ayer of' brine, or even .fresh 

water which is maintained at 120 to 180 degrees F e The ayatem 

usually works at atmoapheric preaaure.. 'there are countless 

varlationa ot thia method• and tor .fresh emul11ona which are 

not extremely tight it worka aat1at'actor1ly. 

Another method which haa been wldel.y uaed 1a the 'haytank' ( 5). 



These tanks are generally ta11 vertical. tanks .filled with 

excelsior., or 1n some cases, straw. Aa the emulsion 1a passed 

through the tank, a deatab1l.1zing action occurs d'Ue principally 

to preferential wetting o.f the excelsior. The packing 1a 

previousl.y w·et with 011 or water, whichever 1a the internal 

pha.ae of the emul•1on being treated. Var1at1ona o.f thia 

method have been dev1aed by '.Patman ( ~), Gardner { 22), Conway 

( 20), Brady (18), and Pollak { 26). 

A method o.f emulaion treating which takes advantage of the 

thinning action 0£ lighter h7drocarbona present 1n the emu1a1on 

haa been devised by Wilke { 30). The emulsion 111 heated to 

approximately the boiling point o.f water, at which temperature 

the water and lighter hydrocarbons are vaporized.. These are 

condenaed and returned. to the bott om of the tank. Aa the 

h7drocarbona rise, they t-end to thin and deatabll1ze the emul

sion while the water 1a dumped at the bottom of the tank. 

Emulsions have been broken by heating to 2:50 degrees F. 

( 24) the water being 1n thle caee simply boiled off. SUman 

{ 12) dehydrated an emulsion containing 25 to 30% water by heat

i ng it in a tube still and then spraying 1 t into a separator 

filled with superheated s team. After this treatment the oil 

riaes through water heated to 90 degreoa c. and ia separated. 

S1m1larl;y, methods tor aeparat1ng water .from oil by d1atilla

tion have been worked out by- All.an ( l), Wilmer ( 29), and Gra.f.f 

(23). Neill (9 ) auggeated that multiple e.f'fect evaporatora 

be used 1n the distillation or emulaiona to improve e.tf1c1ency. 

Weiss (28) broke emule1ona by using a water-1nao1u'ble 



aolvent at a high temperature and a de.finite steam pressure. 

Bail.ey (lB) broke emulsions by beating them to approximately 

100 degrees c. # and passing them through cooling tubes after 

which the water separated. 

Theae mthode rely mainly upon the applleat1on of heat 
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to achieve demula1f1oat1on. Severa1 methods combining pressure 

and heat to break. emu1s1ona have alao been developed. 

The Badische Anil1n and Soda Fabrlk (17) heated emulal.ona 

to approximately 200 degrees c. 1n cloaed container1 and blew 

the water off aa steam. ltoac1ck1 and Kling ( 26) broke emul

aiona eo completely that o nl.y 0.2 to 0.4% water remained. 

This process consisted of heating the emulsion 1n a continuous 

autoclave fo r 2 hours at 2 to 3 atmospheres pressure. There 

were three phaaea present 1n the autoclave: oil, emul.aiona and 

water. A similar met h od was devieed by Pilat and Plotrowski 

(11) who h eated emulaiona for about 5 hours a.t temperature s 

around 120 to 130 degree s c. and pressures from 3 to 3t at

mospheres. Brown ( 20) and Burek ( 3) have alao developed meth ods 

where emulsions are heated i'or varying periods ot time 1n closed 

containers. 

rfhere are a tew instances where preasure haa been ch1etly 

used to break emulsions. Notable among these is the method of 

Dyer and He1ae (22 ) 1n which the emulsion ia heated and paased 

through capillary tubes under high pressure., The action ia 

much the aame a s that of a cr eam separator. Emul.a1ona may be 

broken by .forcing them through a bed of steel ah.av1nga .. The 

water 1n the emulsion is then allowed to settle., 
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In recent years, considerable work has been done on the 

d.emula1i'1cat1on of oil by the use ot heat and chemlcala. The 

accent has been on the use or chemicals.. Examples of this work 

have been discussed by Reed (12), Williama (14) (15), Monson (9), 

MacDonald ( 8), Brigga { 5), Wilson ( 16)., and Buchan ( 14) ., 

It ia the purpose or thia paper to determine the ertect 

of heat and pressures of varying degrees upon the water content 

of certain emula1ona, and to try to correlate the amount of 

heat and pre a sure app,lied w1 th the demuls1f1oat1on achieved 1n 

a treater embodp.ng these principles. 



Table l 

% 
Sam. 1. 

Sam. 2. 

Sam• 3. 

sam. 4. 

Tabl.e 2 

Sam. 1. 

Sam. 2• 

Sam. ~. 

D1aeuasion of Results 

%BS & w % BS & w atter % BS & W at'ter 
BS & w arter Autoclave calcium Chl.orlde Treate.r 
Raw 

13 l 

42 1.2 

16 3.4 

:;4 0.8 

Salt Content Raw Emula1on 
lba./1600 bbla. 

2620 

1630 

4090 

6320 

6 11 

17 2.6 

16 4.5 

25 5 

Salt Content afte.r Treater 
l.ba./1000 bbla. 

3320 

1680 

360 

31.60 

Sample l la a m.1.x.ture or approx1mate1y soi Okl.ahoma City 

crude oil, and about 10% Kansas erude oil. (Theae pereentagea 

may va17). Thia sample contained about 13% BS & W upon arr! val. 

It is a homogeneoua mixture~ d.ark brown 1n color and tree rrom 

the odor or aulf'ide. At room temperatures ( 7oop .) it fiGwa 

readily. A photomicrograph (Fig . 19a) showa thil water (l.3% 

BS&W ) preaent 1n the emulsion, and aee-ma to 1nd1cate t hat i t 

1s a water-in-oil. emu1a1on. Thia evidence ia borne out by the 

ract that the emula1on ia not m1ac1bl.e with water. Repeated 

leach1nga with warm Benzene d1ecl.oae the presence of small 



F.tg. 19a 
Photomicrograph 0£ Sample 1, raw emulsion 

120 magnif1cat1ons 



_ Fig. 191> 
Photomic:POgraph &t Sflmple 1 after &l m:bmtes 

at 30 lbe per a2 p;ve•ure 1n autoclave. 
lS> -sn,1.ficattona 



Fig . l9e 
Pbot01lierograph or samp1• latter reaetion 

1n the treat.r JO minu"a at 30 lbs per 1n2. 
120 m&Fifle.atlona 
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quantities or .fine particles which are not oil or water aoluble. 

These particles when viewed under the microscope are too small 

to be readily seen. 

These .finely d1 v1ded particles may help to stabil.lze 

the emulsion . since it 1s known that finely divided particles 

act as emulai.fiers when unequally :.ret by the two phases. This 

emulsion contains water as the internal phase, ,..,hich indicates 

that t n e particles are preferentially wet by the oil. There 

1s i n addition to the finely divided substance a small amount 

of' so.me particles which e.re large enough to be easily seen. 

They are mainly small crystals of' siliceous material. 

Fig. l9b is a photomicrograph of the emulsion af't.er 30 

minutes at 30 lbs. per sq. i n . pressure 1n the autoclave. 

Most of the water has disappeared, but there are present dark 

particles of organic composition, probably wax. since they 

are de.formed by 11 alight pressure on the cover glass . The 

Bs&W 1n this oil 1s about 1 %. Fig .• 19c is a photomicrograph 

o.f the top layer o.f the emulsion 1n the receiver tank after it 

haa gone t hrough the treater at a temperature around 2aooF. and 

a pressure around 35-40 lbs. per aq. in. and settled tor approx

imately 70 minutes .. The oil contains appreciable amounts of 

emulsion (11% BS&:W) and around 3300 lbs. of salt per 1000 bbl.s. 

of oil . ( chloride equivalent) as compared with 2600 l.bs. o:f 

salt per 1000 bbls. of raw emulsion. The emulsion appears 

smooth, .fine-grained• and tightly held. 

l<'ig . 8 shows t he quantl ties of BS&W 1n the emule1on after 

various treatments as compared with the raw emulsion. 1'he 







autoclave reduced the BS&W to 1%, but the treater reduced 1t 

only to 11% BS&W. This may be the result of either one o.r two 

reaotions.(l) The treater may have broken the emulsion only 

slightly and reduced the BS&W content to 11%, or it may have 

broken substantial.ly al.l of the emulsion, then re-emulsified 

the oil with the calcium chloride solution 1n the treater. 

The latter seems feasible since the chloride content changed 

from 2600 lbs. per 1000 bbls. to 3300 lbs. per 1000 bbls. 

despite the fact that calcium chloride 1n general has a de

stabilizing e.f.fect upon emulsions. 

Calcium chloride was chosen for the heat transfer med1um 

in the treater for the .fol1ow1ng reasons: 

(1) It has a destabilizing effect upon emulsions. This 

destabilizing effect is due to the bivalence of the calcium 

ion , since the er.feet of a given number of ionic charges in

creases with an increa se in the valence of the ions. In some 

cases the calcium ion will form an insoluble compound with the 

emulsifying a gent. If the compound rormed is oil soluble and 

present i n the correct proportions, complete demulsii'ieation 

may occur . 

( 2) It serves as a heat tranafer medium. 

(3) It will ,remove .sulfides present. 

(4) It 1s economical to use. 

011 sample l shows decreasing Bs&W content at a given 

pressure as time of treatment increases. ( l<""'lg . 5). At 15 lbs. 

per sq. 1n. pressure the Bs&W content seems to be constant 

after 120 minutes . At 30 lbs. per sq. in- pressure, the curve 
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Flg• IOa 
Photom.iorog:Nl;ph 0£ sample 9,. raw emula1on 

120 ma.gn1t1ent1onis 



is aubstantial.ly flat after 30 minutes since the BS&W per

centages vary only a fraction o.f a percent. At 60 lbs. per 

sq. 1n,. pressure, the percentage BS&W drops steeply until at 

60 minutes all of the emulsion is broken. 

At constant time, the BS&W' percentage drops re.pidl.y with 

increase in pres.sure . Fi g . 16 sh01.vs 10% BS&:W after 30 minutes 

at 15 l bs. per sq. 1n. pressure. The same sample shows about 

1.4% BS&W af'ter :30 minutes at 30 l.bs. per sq. in. pressure .• 

The slight increa se shown at 60 lba. per s q. 1n. pressure 1s 

evidently experimental. error since at 60 minutes and 120 min

utes the curves show a decrease in Bs&W content to zero. 

The top layer of sample l 1n the receiver tank showed 

essentially no change 1n composition during settling. 1'he 

percent BS&W 1n the t hird l.ayer was constant at 20% while 

the .fourth layer changed from 75% to 2zi over the 60 minutes 

interval. This great change in BS&W content 1nd1oates the 

shifting o:r the boundry layer between the water and emulsion 

rrom above opening Uo. 4 to below it. 

Sampl.e 2 1s composed entirely of western Kansas tank 

bottoms. It is a heavy black emul.sion containing approximately 

42% BS&.W and is extremely viscous at room temperatures. It 

h as or.ly a a.light odor o:f sulfide. The photomicrograph of t he 

raw emulsion ( F'l 6 • 20a) shows the water present as t he internal 

phase of t he emulsion. Some of the water l s in t he form or 
fine globules6 and some ls present as large splotches. The 

splotches are the resul.t of the spre ading of relatively large 

droplets or water when the cover glass was placed upon the 



F.tg. 20b 
Photomicrograph 0£ 5amp1, 2 arter 30 m.1.nutes 

at 30 l.ba per 1n2. pressure. 
l.20 magn.1,1"1cat1ona 



Fig. s:>o 
Photomicrograph of Sampl.e 2 . a.rter z-ea1t:1on 1n 

the tre.ater, 30 mnutea at 30 1ba per 1n • preaaure. 
120 magnificatJ.ons 
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s.lide. The sizes of these areas change when the cover glass is 

moved. Fig. rob shows the emulsion after treatment in the auto

clave. ( 30 minutes at 30 lbs. per sq. in. pr-essure.) The water 

content ls 1.2%, and the emulsion appears to contain ··particles 

of amorpl-ious material., probably wax and asphalt. Fig. 20c 

shows the emulsion after treatment in the treater. The appear

ance of the emulsion is similar to that of Sample l 1n that it 

is fine-grained and tightly held. The BS&W content ie less, 

being 2.6%. 

The pressure and time used in the treatment of Sample 2 

1n the treater is the same as was used in all samples, namel.y 

30 minutes and 30 lbs. per sq. in. pressure. This pressure 

and length oi' treatment wa.a chosen for the treater because it 

seemed to be tile best compromise when the data f'rom the auto

clave tests were considered.. Al.l of t h e curves plotted w1 th 

pres.sure vs. percent BS&W for a gi ven time show that essentially 

as much deste.b1l1zation took pl.ace at 30 lbs. per sq .• 1n. pres

eu.re as at 60 lbs. per sq. 1n. pressure. But several eaaes 

suoh as Fig. 16 Samples l, 3., and 4 show that treatment at 

15 lbs. per sq. 1n. pressure l a cked several percent being as 

efficient as at 30 lbs. per sq. 1n. preiu,ure. Therefore 30 

lba. per sq. in. pressure we.a chosen as being the lowest pres

sure at which appreciable destab1J.izat1on could. be achieved. 

Fig. 5 shows that at a constant pressure of: 15 l.ba. per sq. in. 

the percentage BS&W changed as much as 61% as time varied f"rom 

30 minutes to 60 minutes. At 30 lbs. per sq. 1n ... pressure. 

however, the percentage ehan6 e in Bs&w content as time varied 

.from 30 minutes to 60 minutes waa appreciably less, ranging 







Fis• 21a 
?botomiorograph or Saluple 3, raw emuls1on 

120 magnifj.cations 



Pi g. 21.c 
Photomicrograph 0£ Sani)le 3 after reaction 1n 

t-he treater, 30 :minutes at 30 lbs per 1n2. pressure. 
120 magn11'1eat-1ons 







from about 0.9% to a maximum of 2% BS&W. Thirty minutes wae, 

therefore., chosen a s the optimum time of treatment. 

11 

~"1.g . 9 ab.ow a that while Sample 2 had the greatest amount 

of water or1ginall.y, it gave the bes t results in the treater. 

Thia ia borne out 1n l<~ g . 16 wh,ich shows that SamPle 2 was re

duced to less t ha..~ 2i~ 1n 30 minut es at 1 5 lbs. per sq. in. 

pressure, and to 0.4% 1n 2 hours at 15 lbs. per sq. in. pres

sure. Fig . 15 shows the settling rate for Sample 2. 1'rom 5% 

a.fter 10 minutes., the percent BS&W at the top of the tank 

decreased to 2. 6;l . 

Sample 3 is a mixture of about 60-70% Okl.ahoma City crude, 

and 30-4:>% Kansas crude. It is dark brown in color, .flows 

fre ely at room temperature, and is .free from the odor of sul

fide. The raw emulsion contain s 16% BS&W. Fig . 2l.a shows 

Sample ~ to be e. f1ne-~ra1n ed emulsion containing clear areas. 

These areas are actually a. smooth l i ght brown i n color. 

J;'1g . 21b shows t h e emul.sion af'ter treatment in the autoclave. 

There are several light brown areas i n the slide which are 

indicated 1n Fig . 21b by clear wh ite spots. These areas may 

be composed of relatively pure wax or aapha.lt1e material. 

BS&W con tent of t h is emulsion was 3.4%. 

Fig . 21.c shows the same general struc ture as F'1gs. 19c and 

20c and seem to be characteristic of oil tha t goe s through the 

treater. Thi s oil contains 4.5% BE'&W . 11'1.g. 10 shows that no 

change 1n BS..V<:Vv cont ent of the oil. occurr ed after r ef'luxing 

with calcium chloride solution. The tightness of' the emulsi on 

is shown 1n Fig. 7: s..fter 60 minutes at 60 lba. per sq. in. 







12 

pressure, the emulsion atil.l contained 2% Bs&W, and after 120 

minutes at 60 lbs. per eq. in. p.reaaure it contained 0.4% BS&W. 

Fig. 14 shows that after 40 minut.ea essentially no further 

settling took place. 

Sample 4 is a mixture or 35 to 65% Kansas crude, the re

mainder being Okl.ahoma City crudes. This emulsion is very 

similar to Sampl.e 3 1n appearance and odor, but 1n the mw 

atate contains 34% water. Fig . 16 shows that Sa.mple 4 1 .a 

resolved by heat and pressure since t he Bs&W cont ent dropped 

to leas t han 1 7; after 30 minutes at 30 lbs. per sq. 1n. preesu:re. 

Fi g. 15 shows t he settling rate of Sample 4 after going through 

the treater. A change from ll% BS&W 1n the top layer at 10 

minutes to 6% at 30 minutes and 5i at '70 minutes shows t hat 

most of the settling takes place in the :first 40 minutes after 

treatment. 



Conc1usiona 

1. When calcium chloride solution 1s used i n the treater, 

chloride content of the oil may i n some cases i n crease. 

2. The small amount or water which 1s l eft i n t he oil after 

going through the treater is tightly emulsified. 

3. At constant pressure, water content decreases with time. 

4. For a given amount o.f time increasing pre s sure reduces 

t he water eontent. 



Procedure 

(1) BS&W Determination . 

BS&W determinations were made according to ASTM test 

D 96-35. The following procedure is quoted from ASTM Standards 

on Petroleum products, Sept. 1936. 

( a) "Exactly 50 ml. of' 90% benzol shall be me asured into 

ea.oh or two oentri.tuge tubes and exactly 50 ml. of the oil to 

be tested shal.l be added to each. The centri..fuge tubes shall 

be 11toppered and shall be shaken vigorously until the contents 

are thoroughly mixed. The tell1)erature of the bath shal.l be 

maintained at 100 degrees F. and the centrifuge tubes shall 

be i mmersed there in to the 100 ml.. mark for 10 minutes. 

(b) '.rhe two centrifuge tubes shall then be placed 1n the 

centrifuge on opposite sides and shall be whirled at a. rate of 

.1400 rpm or the equivalent for 10 minutes. The combined volume 

of water and sediment at the bottom or each tube shall be re ad 

and re corded, e s timating to O.l ml.. if necessary. The centri

fuge tubes shall then be replaced in the oentri.fuge, again 

whirl.ed for 10 minut es, and removed for reading t he volume of 

water and sediment as before. This operation sha.J.l be repeated 

until the combined volume of water and sediment 1n each tube 

remains constant for t hree consecutive readings . In general, 

not more than four whirling& will be required. 

The combined total volume of water and sediment shall be 

read on e a ch tube, estimating to 0.1 ml. 1:f necessary. The sum 

of: the t wo readings shall be recorded as percentage of water and 

sediment, centrifuge method". 
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( 2) Autoclave test. 

The Autocl.ave test 1a aa .follows: 

Two hundred ml.. of emulsion are meaaured 1nto a 35 x 300 

mm. teat tube. The autoclave 1a .f1l.1ed with 750 cc.- or •ter., 

and t he tube eonta1n1ng emul.a1on is placed 1n it. The tube i a 

atoppered with a cork or ru.bber atopper., and the top screwed 

on the autoclave. Bunsen burners (2) are placed under t he 

autoclave., and t he prescribed pressure bttil.t up as quickly aa 

possible. Burn-er rates a.1,e then adjusted to ma.1ntain the pre

scribed pre.asure . Preeaure reading• are made at the be ginning, 

middle• and end o f the run. At the end o.f each rw1, the burners 

are removed., and the autocl.a ve al.lowed. to cool in the air. 

When pres sure is zero, the autoclave top 1s screwed o£f, and 

t he tube removed. The t-op 50 ml. o:t the aample 1s pipetted 

off., and anal.y.zed by the standard ASTM method, ( ASTM D 96-35). 

( 3) V1acoa1t1ea 

V1scoa1t1es were determined 1n the f'ollowing manner: 

Emula1on or demulai.f1ed oil. 1a heated to 160 degrees F'. 1 

and. poured into the f'unnel v1scoa1meter until the oil level 

ia al.1ghtly above the top mark. Previoual.y • a O to 300 degree 

F. thermometer 1a 1naerted ao that the ti.p o'f the bul.b is level 

with the l.ower mark in the v1scoe1m.eter. The water b ath sur

rounding the .funnel. is maintained at 160 desr-es F1 • After the 

tunnel ha.a be-en .fi.lled and the temperature of' the oli is ex

actly 160 degrees F •• the stopper 1n the f'unnel is quickly 

removed1 and the time .for the oil to pass .from the top mark 

to the tip o:t the the rmometer 1a measured with a stopwatch. 



'f1me ahould check to 0.2 seo. 

(4) Cal.c1um chloride test 

One hundred ml. of 1.0 cal.c1wn chloride solution and l.00 

ml. of emulsion a.re poured into a 500 ml. Ehrlenmeyer t'lask 
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and slowl.y heated. The temperature is taken when the calcium 

chloride solution first begins to boil. The mixture is then 

boiled .for 15 minutes. As soon as the mixture ceases boil.ing~ 

the mixture 18 poured into a 35 x 300 mm. teat tube and al.lowed 

to stand for 15 minutes at room temperature. At the end of' 

this t1me 6 the top 50 ml. are careful ly pipetted o.ff and ana

lyzed for BS&W by the atandard ASTM method. ( AST!.£ D 9·6-35). 

( 5) Procedure i.'or running aeml•cont1nuous treater 

The treater is .filled to Wl ( Fig. l) with 1.0 lh calc1um 

chloride solution. The injection tank 1s then f1l.led with ap

prorlmately 5 gal.lons of emul aion. The pressure 1n the treater 

1s maintained by admitting steam to the jacket on the treater. 

When the pressure on the treater has rea ched the presorlbed 

amount, the air pres.sure on the injection tank 1a raised to 

15 to 50 l b s. per sq. in. pressure greater t han the treater 

pressure. (Preaaur-e drop is dependent upon the v1s coe1ty of 

the oil..) The valve VI ( Pig . 1) 1e then opened to adm1 t emuJ.

sion .from the injection tank to enter the treater. Readings 

ot: injection pressure , 1njeet1on temperature, treater tempera

ture, and treater pressure are made every 5 minutes until tile 

run 1a eoinpl.eted.. The valve V2 is tested per1od1ca lly during 

the run to determine when the 011 l•vel. reaches the discharge 

J.evel. When the oU 1n the treater reaches the diaeh.arge level, 
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it is bled off as n early as poaa1ble at t he rate at 11h1ch it 

being fed into the treater. As soon as the reee! ver tank 18 

.full ,. V2 is cl.ose-d, and the steam shut off .from the treater. 

Oil samples are wi thdrawn trom the r eceiver tank at the end of 

l.O minutes, 40 minutes and 70 minutes a.fter the completion of 

the run. Th.eae samples are analyzed by the standard ASTM 

method. ( ASTM D 96-35). 









Description of Apparatua 

1. Emulsion Tl"eater. 

The emulsion treater 1 s d.ep1 cted in l<''i g .. 1. The inner 

section is mode up 0£ ten .feet of S inch pi ;)e . The stea.-n jacket 

ia ma.de up o.f spp1. .. oximately S feet ot 10 inch pipe ·we lded t o 

t he :tnne.r section. A.11 L"llets t o the inn.er a.eetion or the 

treater are l. inch b y 6 inoh stee.1 nipples welded to the 1nne1~ 

aeet1on except B which 1s a 2 i n ch steel coupling. Gl is a 

O to 60 lbs. per sq. tn. pressw."e gal.l.ge !"or moaouring treater 

pressure. Fig. la 18 a deta11ed drawing showing how th:e emul

sion ls brought into the treat$r. V4 is a 3/ 4 1neh gate valve 

£or controlling the oil inlet. W2 1 a a thermometer well !'or 

measuring inlet oil temperatures.. The oil enters the t reater 

1'rom a t inch by 12 ineh nipple wb.ich extends i n to th& calcium 

chl.or1de sol.ution. ·"l'h& treater 1a supported by a 3/ 4 inch 

at.eel rod .trruae work welded to the bot to.m of th.e i n.."ler section . 

( fig . l). A is the ateam condensate out1et. 

2. Injection Tank 

The L"l..je,ction tank 1 s made up or 2 foot of l.O inch pipe 

witb. -i inch steel pl.ates welded to e a ch end. The tank holda 

approximately 8 £,all.Ona of oil. 11.:iwo l 1nch by 6 1neh nipples 

a.re welded to the top and bottom o~ the tank . Cauge G2 mfH:UiJllr'68 

the 1njeet1.on pressure. Tlle bottom. o£ the tank is connected 

by a 3/4 !neh pipe to the bottom a,asembl.y or the treater. The 

1nject1on tank is supported by 3/4 inch steel lega 'which are 

welded to the aides. 
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· 3. Rece1 ver Tank. 

The receiver tank la made up of 3 .feet of' 5 inch p i pe into 

which 3 3/4 inch by 6 1nch nipples are welded at various heights. 

( F10 • 4) . Opening No. l is the open top of the reoe1 ver tank~ 

while No. 2, 3, and 4 are 3/ 4 inch gate valves. 

4. Autoclave . 

The autoel.ave is made up or 6 1nche.s of 4 inch p ipe olosed 

at the ends by l/2 inch steel plate. Welded to the top pl.ate 

is a 2 inch .x 6 inch n1ppl.e. The pressure relief valve Vl 

and pressure e,auge G3 are connected through i inch fittinga 

to a l 1neh by 2 inch reducer which screws off the top or the 

2 inch by 6 inch nipple •. 
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APPENDIX 



Sample 1. 
25 ml. 011 
Ag)f 03=0.0982N. 

Sample Ca1culat.1ona 

10 ml. aliquot taken .f'l"Om 50 ml. water. 

In1tl.al burette reading c o.60nl. 
Final buzi,ette reading • 9.00nl. 

M.4dii! 
mi. required r .or blank = 0.13 

111a 

Net. AgN03 solution uaed • s .40 o.13::S.g? ml. 

From tables 8.$!7 ml.AgN03 ::5179 lba. chloride 
per 1000 bbl.a. 
011 when H:0.10 
and 50 ml. water 
1a taken. 

Tberet'ore, l.ba chloride per 1000 bbla. oil. 
• 50 x o.0982 x 678 • 3320 lba. ahloride per 

Dr 0.10 1000 bbl.a. oil. 
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Experimental Data 

Sample 1. 

Autoclave Run No• Time Prees.ui-e BS&Yi V1scoe1 ties 
1 !i) iiilii m 1baJin2 .. 10% 4. 2 sec. 

16.5 " 1'1 " 2 ~ min 30 ff l~ 3.9 aec. 
25 ff 

30 ff 

30 min 60 tt 1.6% 3.-8 sec. 
69 tf 

60 H 

4 l hr. 15 " 4.4~ 3.7 see. 
10 " 
18 " 

5 l hr-. 50 tt 1.s::' 4,0 aeo. 
29 ff 

31 " 
6 l hr. 60 rt 0% 3.7 sec. 

60 " 61 n 

7 2 hr.- 15 " 3.4% 4.,0 see. 
15 " 18 ft 

8 2 hr .. 30 n 0.1'/o 4.0 aec. 
30 " 
30 fl 

2 hr. 60 ft O:( 
55 u 

65 l l 
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llxperimental Data 

sample 2e 

Autoe1ave Run No .. Time Pressure BS&W V1scoait1ee 
I 30 iiiln n5 Ibi,J!n.a 1.aJZ 4.6 see . 

15 " 17 II 

2 ro m1n 31 ff 1.2~ 5.2 aee. 
32 " 
32 It 

30 m1n 60 ft 0 .6% 4 . 5 sec. 
60 !t 

60 ff 

4 l hr. l.5 " 1.6% 4.4 aeo. 
15 ff 

13 ff 

5 l hr. 29 ti 0.4:% 4.5 sec. 
32 l'i 

30 ff 

6 l hr. 60 fl o;t 4.2 sec. 
60 If 

60 fl 

7 2 hr. 15 ft o.7% 4.6 aec. 
14 " 17 tr 

8 2 hr. 30 " 0-.5% 
29 ff 

30 " 
9 2 hr. 60 tt 0~ 

60 fl 

ao tt 
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Experimental Data 

Sample 3. 

Autoclave Rtm No. T1n:1e Pre a sure B&.:W V1scoa1t1es l .. 30 i5 lbaJ1n2. 10% 5.9 aec. 
15 fl 

l.5 " 
30 30 tt 3.4% 4.1 sec. 

30 " 
31 " 

~ 30 58 tf 4.7% 
58 tf 

59 ff 

4 l hr. 15 " ll% 
15 It 

14 " 5 l hr. 30 ff l.4% 
so ff 

32 n 

6 l hr. 60 ri 1.s7' 
60 ff 

60 " 
7 2 h.r. 15 It 0.4% 

14 fl 

14 n 

8 8 hr. 21 ff 0 . 4% 
29 ti 

30 r: 

2 h.r. 59 ff Oe,4% 
59 ff 

61 " 
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Experimental Data 

Sample 4. 

Autoclave Hun No. Time Pressure BS&W V1scoa1tj' .......... 1-----___,30....,inln~ .. ~.-.---l•5~1~b~s/~ln~~-.~~1"0~.~oi--__,;..;;;.;;;.;..;:.:;.;_,. 
15 n 
15 t1 

2 30 min. 30 ft 0.8% 
30 ff 

25 " 
50 min. 60 11 

60 fl 

60 n 
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ExperimentaJ. Data 

Treater .aun. no. l ( Sample l) 

Time Temp oil L"1. , Injection Treater Treater 
Degrees £.' Prea~ Pre~e Temperature 

. lb~1n lba/ln Deimea F. 
th4S 16§ 35 
6:50 95 45 31 269 
8155 90 55 35 'Z76 
9:00 90 53 35 281 
9:05 88 50 35 263 
9:10 88 70 40 285 
9:15 l'"/0 00 42 286 
9:20 182 65 45 ~8 

BS&W ~ Te!!!• when taken 
10 minutes: No. l ll around iaobF. 

No. 2 .17 ti 

Mo. 3 20 ff 

No. 4 75 ft 

40 min No. l 12 160 
No. 2 12 138 
No. i 21 144 
Mo. 4 30 134 

70 min Ho. l. 11 :J.40 
uo. 2 12 157 
No. 3 19 138 
:No. 4 22 133 



Exl)erimental Data 

Tl'eater Run No. 2 ( sample 2) 

'f1me '?emp oil 1n 
Degrees F 

a,ss: ms 
8:40 1.37 
8:45 l..57 
8:50 148 
8:55 166 
9:00 180 
9:05 164 
9:10 1'12 
9:15 163 

l.O mint Ho. l 
No. 2 
No. Z 
No. 4 

40 min: Do. l 
No-• 2 
No. 3 
Bo. 4 

70 min: No •. l 
No. 2 
No. 3 
Bo. 4 

'treater 
T..,._l"ature DeE••• P. em 

~5 
282 
280 
,m 

60 3l 
56 'SI 
56 36 
58 .~ 
63 38 
~ 29 
95 fl 
88 24 

~ 
1Jfl6 
flf:S 
269 

Bs&W % Temp. when 
Taken Dem,a F 

5 196 
34 152 
95 158 

100 134 

2.s 177 
so im 

J.00 (water) 164 
100 ( wat-er) -

2.a 169 
60 l.5S 

100 (water) 165 
100 (water) 



Experimental. Data 

Treater Run No. 3 ( sample 3) 

Time T'emp oll 1n 
Degreea F. 

Injection p~i?. 
11roo ib1 
ll:05 101 
ll:10 104 
lltl.5 l.53 
ll.t20 145 
11:25 152 
11:30 126 
ll:35 122 

10 min: lo. 1 
No. 2 
No. 3 
No .. 4 

40 min: No. l 
No. 2 
Ho. 3 
No. 4 

70 min: lio. 1 
No. 2 
No,. 3 
N-0• 4 

12 
40 
50 
95 

50 
55 
65 
71 
191 
63 
60 

162 
13-S 
l:iO 

4 142 
12 141. 
60 140 

lOO(water)l22 

4.5 l.20 
5-.6 1Z8 
60 140 

l.OO(water)l4l 

Treater 
Preaaure 
lbl1n2 

35 
M 
37 
36 
39 
36 
38 

Tr,e-ater temp. 
degrees P. 



Exper.lmental Data 

Trea~er RUn No. 4 ( 5ampl.e 4) 

T1me Temp oil 1n 
Degrees F. 

10:iffl . 166 
10:55 150 
ll,00 158 
11:05 164 
1111.0 168 
llt15 170 
ll:25 1'12 

10 min: lo. 1 
No. 2 
Ho .. 3 
No. 4 

40 min: No. l. 
No,. 2 
lio. 3 
uo. 4 

70 mint No. l 
No,. 2 
No. 3 
No. 4 

Injection 
Presau.re 

lb2'1o.2 

s 
60 

100 
100 

5.2 
64 

62 
60 
95 
95 
95 
95 

100 water 
lOO ff 

ll 
10 

100 water 
100 " 

Treater 
Pr•~e 
lb~1n2 

35 
33 
31 
32 
30 
~6 

1s1 · 
173 

-
166 
160 --
1.44 
l.40 

·-.. 

'!'re.a ter temp. 
degrees F. 

286 
265 
932 
:rra 
280 
f!18 
288 

x1 
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