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tempera ture  for 30 rain., and tempering for  15 days 
at 25~ Curve B was obtained on chilling the melted 
sample at 0~ holding it  at this t empera ture  for  
30 rain., and pu t t ing  it in the dilatometer bath held 
at about -38~  

The approximately  14% of diunsaturated glycer- 
ides in cocoa but ter  (17) melt at tempera tures  below 
those of the two main components. According to the 
curves in F igure  4, melting starts at about 0 ~ C. F rom 
Curve A, F igure  4, it was calculated (18) tha t  this 
sample of cocoa but ter  a f te r  being welLtempered con- 
tained the following percentages of l iquid:  

Temperature, Content of 
~ liquid, % 

0 .................................................................... 0.6 
5 .................................................................... 1.9 

1O .................................................................... 4.1 
15 ................................................................... 6.8 
20 .................................................................... 10.8 
25 .................................................................... 16.7 
30 .................................................................... 36.1 
34.1 ................................................................. 100.0 

I r [ 1 l J I [ J 
j o o s -  

Z 0.04 ~ ' - / A  - -  

C 2 0.02 ~ _ ~  
U) 

o.oo ~ 

~'• ,I 1 L 1 1 1 1 1 I i 
LD -40 -20 0 20 40 60 

TEMPERATURE, ~ 
Fro .  5. D i l a t o m c t r i e  c u r v e s  f o r  a s a m p l e  of  s w e e t  m i l k  

choco la te ,  c o a t i n g  t y p e :  A,  t he  two  m a j o r  g l y c e r i d e s  of  cocoa 
f a t  i n  F o r m  I ;  B ,  t h e  two  m a j o r  g l y c e r i d e s  i n  F o r m  I I .  

Dilatometric  curves also were obtained for a sam- 
ple of commercial ,  sweet  milk chocolate, coat ing type 
(F igure  5).  To obtain Curve A the chocolate, as re- 
ceived from the manufacturer ,  was tempered for sev- 
eral months  at room temperature.  A small  block of 
this chocolate was then sealed in a dilatometer, and 
measurements  were  made wi thout  the usual  melt ing,  
solidification, and tempering treatments  in the dila- 
tometer. To obtain Curve B a tempering procedure 
similar to that used to obtain Curve B for cocoa 
but ter  was employed. 
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[ R e c e i v e d  N o v e m b e r  26, 1958]  

A Small Laboratory Model, Wiped-Surface Heat Exchanger for 

Chilling and Texturating Shortenings I 

H A R V E Y  R O Y C E  and P. W. M O R G A N  JR., Research Department, Wesson Division, 

Hunt  Foods and Industries Inc., N e w  Orleans, Louisiana 

A m h d a t u r c  u  t ype ,  w i p e d - s u r f a c e  h e a t  e x c h a n g e r  f o r  
c h i l l i n g  "~nd t e x t u r a t i n g  s h o r t e n i n g  h a s  b e e n  d e s c r i b e d .  

The  p a c k a g e  u n i t ,  m o u n t e d  on a t a b l e  a b o u t  2 x 4  f t .  in  
d i m c n s h m s ,  f i t t e d  w i t h  c a s t e r s  f o r  m o b i l i t y ,  n e e d s  o n l y  to  b e  
p l u g g e d  in to  a n  e l e c t r i c a l  o u t l e t  f o r  o p e r a t i o n ,  o p e r a t e s  a t  f a t  
feed-rah'~s of  l 0  to  80 lbs .  p e r  b o a r ,  w i t h  a n  i n t e g r ' a t e d  a~ t o n  
F r e o n  r e f r i g e r a t i o n  u n i t  c a p a b l e  of  h o l d i n g  t he  c h i l l i n g  u n i t  
to  ~ + I ~  in  t h e  r a n g e  - - 3 0 ~  to  + 6 0 ~  4-s tep  p u l l e y  a g i t a t o r  
d r i ve s  on bo th  c h i l l i n g  a n d  t e x t u r a t i n g  u n i t s  g i v i n g  330 to  
1170 r .p.m, s p e e d  r a n g e ,  a l u m i n u m  a l l o y  c h i l l i n g  a n d  t e x t u r a t ~  
l u g  u n i t s ,  f a t  a n d  a i r  F l o w r a t o r s  w i t h  n e e d l e  v a l v e  con t ro l ,  
f r e e - s w i n g i n g  w i p e r  b l a d e s ,  a n d  a f e w  o the r  m i n o r  f e a t u r e s  t h a t  
l e a d  to s m o o t h  o p e r a t i o n .  

The  u n i t  h a s  b e e n  f o u n d  u s e f u l  i n  our  l a b o r a t o r y  to  p r o c e s s  
v a r i o u s  t y p e s  of  s h o r t m d n g s  f o r  r e s e a r c h  p u r p o s e s ,  to  s u p p l y  
spec i a l  s h o r t e n i n g s  to p r o s p e c t i v e  c u s t o m e r s  f o r  e v a l u a t i o n ,  a n d  
to check  the  o p e r a t i o n  of  the  p l a n t  V o t a t o r s .  

z Presented at  51st Annual  Meeting, American Oil Chemists' Society, 
Dallas, Tex., April  4-6, 1960. 

I 
N TIIE ~ID-1930'S the closed continuous internal  

chiller and plasticizer, known as the Votator,  came 
into use and has substantially replaced the chili 

roll. Bailey (1),  Dawson (2),  F incher  (3),  James 
(5), Joyner (6), IV[cMichael (7,9), and Slaughter (9) 
have given excellent descriptions of the various sys- 
tems used for chilling and texturating plastic fats, 
including margarine. 

In 1957 Steffen and Vander Wal (I0) described a 
batch procedure for plasticizing small samples of fats 
in the laboratory, using a refrigerated Kitchen-Aid 
Mixer (Model K-4-B). IV[ore recently, in 1959, Har- 
rington, Bates, and Stingley (4) described a batch 
laboratory-size plasticizer, which will chill and plas- 
ticize a 1,300-g. sample in 4 rain., giving a product 
very similar in consistency and performance to a 
plant plasticized product. 
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lore. 1. Laborator:r :Emulsorator. 

The Wesson l~abor'atories long needed a miniature  
Votator  tyl)e of unit, s(.aled down to match the eaI)ae- 
i ty of the laboratory hydrogenat ion and deodorization 
units and capable of duplicat ing p lant  Votator  results 
on as little as :~ to 10 lbs. of shortening. Pr ior  to the 
construction of this laboratory plasticizer, we used a 
minia ture  chill roll, 6 in. lmag by 5~fiz in. in diameter,  
which would duplicate plant  plasticized samples in 
creaming and icing, but the package appearance  was 
lumpy,  and  it was a batch operat ion limited to 3 to 
6 lbs. 

Design and Operation 
The authors  have recently designed a minia ture  

Votator type  of uni t  with a hold-up of only 1 lb. of 
f a t  (F igu re  1), an ou tpu t  range  of 10 to 100 lbs. per  
hour, at 20 to 200 lbs. of pressure,  4-step pulley agita- 
tor  drives on both chilling and t ex tu ra t ing  units  giv- 
ing 330 to 1170 r.p.m, speed range,  a luminum alloy 
welded jacket  chilling uni t  2 in. in diameter  by 7 in. 
long, f ree-swinging wiper  blades, over-size ro ta ry  
gear p u m p  with bypass  needle valve throttle,  fa t  
and air  ~ ' lowrators  with needle valve control inte- 
gra ted  ~ - t o n  Freon  ref r igera t ion unit  capable of 
holding the chilling unit  to __+I~ in the range 
--30~ to +60~ conventional " B "  uni t  type  alu- 
minum alloy t ex tu ra t ing  uni t  with variable infra-  
red heat  input ,  electrically heated fa t  re tu rn  line to 
feed bowl, and a stainless needle valve discharge 
nozzle. 

We have adopted the term, Emulsora tor ,  for the lab 
unit,  based on the fine emulsification of ni t rogen or 
air  into the fa t  induced by the over-sized gear p u m p  
and by-pass  feeding the chilling unit .  

A schematic fa t  f low-diagram of the Emulsora to r  
is shown in F igu re  2. In  operat ion the melted fa t  
f rom the feed bowl passes through the fa t  F lowra to r  

to the over-sized ro t a ry  gear pump.  The fa t  F lowra tor  
is installed so tha t  i t  is possible to by-pass the Plow- 
ra te r  by  closing the fa t  F lowra tor  needle valve con- 
trol and opening the stainless needle valve downstream, 
thus allowing the fa t  to pass direct ly  into the ro ta ry  
gear pump.  The over-sized ro t a ry  gear  pmnp  feeds 
a mix ture  of me]~:ed shortening and air  (or ni t rogen) 
to the chilling unit  under  20 to 200 lbs. of pressure.  
The super-chilled fa t  flows under  pressure f rom the 
chilling unit  to the t ex tnra t ing  uni t  through a short  
section of a lundnum tubing containing a dial ther-  
mometer  and a stainless needle valve so that  the chill- 
lug uni t  may  be kept  under  higher pressure than  the 
t ex tura t ing  unit. The plasticized shortening dis- 
charges f rom the t ex tura t ing  unit  through a stainless 
needle valve. The fa t  feed reservoir  is heated by a 
thernmstat ieal ly cmltrolled immersion heater so that  
fa t  feed t empera tu re  to the chilling unit  may  be main- 
tained at the desired temperature .  

The first chilling uni t  was constructed of stainless 
steel and was fitted with a cooling jacket  and internal 
free-swinging blades which wiped the imler walls 
of the chilling unit. However, because of the superior  
thermo eonduetmme of a luminum over stainless steel, 
we la ter  used a special hard a lumimnn alloy in the 
construction of the chilling and tex tura t ing  units  
for the high rat(; of heat t ransfer .  

Micar ta  or a luminum alloy free-swingin~ blades 
for positive wiping and puddl ing of the shortening 
in the chilling uni t  eliminates undedrab le  metal con- 
tamination.  Ahuninum tubing instead of pipe lim~s 
are used for most connections for  flexibility and ease 
of take-down. F a t  and air (or n i t rogen)  feed-rates 
are accurate ly  controlled by sensitive F lowra tor  type 
of Rotameters ,  and dial thermometers  or thermo- 
couples at all critical points are used for  t empera tu re  
control. 

The Freon  jacket  arotmd the chilling refit has two 
outlets, one at each end of the jacket  with a valve on 
the Freon  outlet near  the discharge end of the chilling 
unit. This set-up makes it possible to throw most of 

•Io. 2. Schematic flow diagram of the Emulsorator. 



DECEMBER, 1960 645 ] ~ 0 Y C E  A N D  ~ V [ 0 R G A N :  S M A L L  L A B O R A T O g Y  ~V[ODEL 

T A B L E  I 

The Effects of Emulsorator Conditions on the Quality of Various Types of Shortenings 

Sample No. 

S-l(a) .................... 
S-10 . . . . . . . . . . . . . . . . . . . . . . . .  
S-17 . . . . . . . . . . . . . . . . . . . . . . . .  
S-23 . . . . . . . . . . . . . . . . . . . . . . . .  
S-27 . . . . . . . . . . . . . . . . . . . . . . . .  
Q-I (b) . . . . . . . . . . . . . . . . . . . .  

(~-2 . . . . . . . . . . . . . . . . . . . . . . . . . .  
(~-9 . . . . . . . . . . . . . . . . . . . . . . . . . .  
Q-18 . . . . . . . . . . . . . . . . . . . . . . . .  
Q-24 . . . . . . . . . . . . . . . . . . . . . . . .  
q~O-1 (c) .................. 
QO-2 ....................... 
QO-9 ....................... 
t~O-12 .. . . . . . . . . . . . . . . . . . . .  
QO-14 ... . . . . . . . . . . . . . . . . . . .  

Emulsorator conditions Quality tests on package samples 

ailling 
Output unit 

( l b s . / h r . )  acket 
emp, :~ 

8 , 1 0 0  - -8  
62 30 

4 5  30 
45 20  
59 10 

6 , 0 0 0  --1 
59 40 
31 40 
62 20 
45 30 

8,600 6 
28 40 
28 20 
40  . 30 
29 20 

Temp. 
product 

from 
chilling 

unit  
(~ 

64 
58 
55 
55 
6O 
68 
04 
56 
o o 
52 
66 
61 
64 
60 
54 

Temp. 
product 

from 
textur- 
ating 
unit 
( ~  

86 
75 
73 
76 
74 
86 
76 
76 
70 
74 
90 
87 
89 
S5 
87 

Back 
pressure 
on chill- 
ins  and 
textur- 

ating 
units  

(p . s . i .g . )  

40  
5O 
45 
45 2~o 
25 
54  
41 

250  
45 
65 

1,30 
145 

Temp. 
fat to 

chilling 
unit  
( ~  

110  
126  
124  
125 
127 
112 
126  
122 
127  
] 2 4  
112 
120  
124  
126  
126 

Agitator speeds 
( r . p . m . )  

]hilling Textur 
unit  ating 

unit 

4 0 0  90 
510  1 1 7 0  
330  770  

1 1 5 0  77O 
1 1 5 0  770 

4 0 0  90 
750  1170 
510  770 
5 1 0  770  
510  1 1 7 0  
4 0 0  90 
750  ] ] 7 0  

1 1 5 0  1 1 7 0  
510 1 1 7 0  
510  1 1 7 0  

Ic ing  test 
(specific 
gravity  

at 
30 rain.) 

0 .49  
0 .51  
0 .49  
0 .50  
0 .49  
0 .58  
0 .57  
0 .59  
0 . 5 7  
0 . 5 8  
0 .76  
0 .74  
0 .69  
0 . 7 4  
0 .72  

Consistency 
(Scoco needle 
penetration)  

. . . .  60~ 9 0 ~  

~ 147  
67 132  

138  
72 140  
69 129  
56 1 4 7  
65 1 3 0  
75 149  
64 127  
7.1 134  
52 103  
52 98 
52 ] 0 1  
50 90 
50 97 

White- 
ness 

(MgO = 
100) 

90 
90 
90 
88 
87 
93 
91 
90  
90 
92 
93 
91 
92 
93 
91 

Plant  plasticized, retail, household emulsifier type of vegetable shortening, control on "S" series. 
b Plant  plasticized, emulsifier type of baker's vegetable shortening, control on "Q" series. 

P lant  plasticized, emulsifier type of baker's meat-fat shortening, control on "QO" series. 

the refrigeration to the feed end of the chilling unit, 
thereby allowing a slight warming of the fat as it 
passes through the discharge end. This warming, 
puddling, and tempering in part of the chilling unit 
makes it function as a texturating unit and serves to 
increase the texturating unit capacity when it is 
desired to puddle the shorterling. The Emulsorator 
refrigeration unit has been fitted with a unique com- 
bination of hcat cxchauger, by-pass, and hand-operated 
expansion valve that permits rapid and precise chill- 
lug-jacket temperature control. 

The package unit, including refrigeration and all 
accessories, is mounted on a table about 2 x 4 ft. in 
dimensions fitted with casters for mobility and only 
needs to be plugged in to  an electrical outlet for 
ope ra t i on .  

Results and Discussion 
The unit has been found useful in oar laboratory 

to process 5- to 10-lb. formulations of laboratory hy- 
drogenated and deodorized special shortenings, to 
study the effects of hydrogenation conditions, changes 
in base stock fornmlations, changes in emulsifiers or 
other minor constituents, predicting optimum plant 
Votator conditions, and to process 5- to 100-lb. sam- 
i>les of special shortelfings to supply prospective cus- 
tomers for evaluation. We have nlade up to 25 six- 
pound runs in an 8-hr. day since a 6-lb. sample can 
be run in about 15 rain. 

A sample data sheet shown in Figure 3 lists the 
main operating conditions and quality tests on the 
Enmlsorator samples, as follows: laboratory sample 
number, type of shortening, date, fat feed-rate, output 
(lbs./hr.), weight of sample, air feed-rate, c.e. air per 
minute, temperature of chilling unit jacket, tempera- 
ture of Freon suction, temperature of fat at fat 
Flowrator, temperature fat to chilling unit, tempera- 
ture fat from chilling unit, temperature fat from 
texturating unit to package, temperature rise in pack- 
age, specific gravity of shortening, pressure on chill- 
ing and texturating units, pump suction, agitator speed 
of chilling and texturating units, and ammeter read- 
ings on the chilling and texturating units and Freon 
compressor. 

The data sheet also shows the following quality tests 
on the package sample: consistency at 60 ~ and 90~ 
whiteness, icing test, creaming test, cake score, and 

remarks such as composition, appearance, and body 
of the shortening. 

Table I shows the plant Votator and Emulsorator 
conditions used and quality tests on a retail, house- 
hold emulsifier type of vegetable shortening ( " S "  
series), an emulsifier type of baker's vegetable shorten- 
ing ("Q " series), and an emulsifier type of baker's 
meat-fat shortening ("QO" series). Th~ consisttmcy 

[LABoICATOlt Y ]~]Mll LSOlCATOR 

Wesson ])ivision, Hunt  :Foods and Industries hie., Research 
Department, New Orleans, La. 

Lab. sample No.--S-17 Type shortening--Snowdrift  

:Fat feed-rate, meter units--0.26 lbs . /hr . - -45.0 
wtg. sple. lbs . - -3 .0  

Air feed-rate , meter uuits- -7 .0  cc./min.--50.0 

Temp. Freon to chilling unit jacket, ~ Temp. Freon 
suction, ~ 

Temp. fat  at fat  J~lowmcter, ~  Temp. fa t  to chilling 
mfit, ~ 

Temp. fat  from chilling unit, ~  Temp. fat  from 
texturating unit to package, ~ 

Temp. rise in package, ~ Sp. gr., package--0.81 

Pressure, p.s.i.g., chilling uni t - -50  Texturating uni t - -50  
Pmnp suction, in vac.--8 

Agitator, r.p.m., chilling uni t - -330  Texturating uni t - -770  

Ammeter readings- -  
Chilling and texturating units load crops.--6.5 
Freon compressor, load amps.--5.8 

Quality tests on package sample - -  

Age, days at ~ 75-80 Consistency, Scoco needle 
penetration, 60 ~ 90~ 

Whiteness (MgO = 100)- -90  

Icing test: Sp. gr. @ 30 min.--0 .49 :Body--good 
Texture--s l ight ly  curdled 

Creaming test:  Dry vo l . - -  Wet vol . - -  %H~O 

Cake score: P o u n d - -  White layer--100 Prepared 
m i x - -  

Remarks: excellent appearance and body 

FIG. 3. Sample data sheet. 
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of the plant  plasticized and Emulsorator  plasticized 
samples was determined by the Steep needle penetra- 
tion method as described by Royce and Haskell (8). 
The consistency and over-all shortening quality of 
the Emulsorator  plasticized samples are quite con> 
parable to the plant  plasticized samples. 

Referr ing to Table 1, Sample S-17, a retail, house- 
hold emulsifier type of vegetable shortening was 
Emulsorator-plastieized at an ontput  of 45 lbs. per 
hour, with a 30~ chilling unit  jacket;  temperature 
of the shortening fronl the chilling and texturat ing 
units was 55 ~' and 73~ respectively, and chilling 
and texturat ing uni t  agitator speeds were aao and 
770 r.p.m., resl)(;etively. This sample had an icing 
specific gravi ty  at 30 rain. of 0.49, which is equal to 
plant  plasticized control saml)lc S-I, a plastic range 
superior to the control and whiteness equal to the 
control. Sanlph; Q-2, an emulsifier type of baker 's  
vegetable shortening, was Emulsorator-plastieized at 
an outlmt of 59 lbs. per hone, with a 40~ chilling 
unit  jacket;  temperature otl the shortening from the 
chilling and textnrat ing units was 64 ~ and 76~ 
respectively; and chilling and texturat ing unit  agita- 
tor speeds were 750 and 1170 r.1).m. , respectively. This 
sample had an i(;ing specific gravi ty at 30 rain. of 0.57, 
which is slightly better than the plant  plasticized con- 
trol sample Q-l, a Iflastic range better than the con- 
trol, and slightly inferior whiteuess. 

Sample QO-9, an emulsifier type of baker 's  meat 
fat  shortening, was Emulsorator-p!asticized at an out- 
put  of 28 lbs. per hour, with a 20~ chilling unit  
jacket;  temperature of the shortening front the chill- 
ing and textnrat ing units was 64 ~ and 89~ respec- 
t ively; and chilling and texturat ing unit  agitator 
speeds were 1150 and 1170 r.p.m., respectively. This 
smnple had an icing specific gravi ty at 30 rain. of 
0.69, whivh is considerably better than the plant 
plasticized control sample QO-1, and a plastic range 
and whiteness comparable to the control. 

The Emu]sorator  has also been used for plasticiz- 
ing various fat  bases containing a relatively high 
percentage of liquid w~getable oils. 
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The Catalyzed Condensation of Phenol with Stearone and 

Methyl Hcptadecyl Ketone 
F. V. MORRISS, G. F. BECHTLE, and T. J. BYERLEY, Midwest Research Institute, Kansas City, Missouri 

The condensation of phenol with stearone and methylhepta- 
decyl ketone has been studied. The blsphenols and other prod- 
ucts thus produced were identified by hydroxyl equivalent, 
molecular weight, infrared spectra, elemental analysis, and 
preparation of characteristic derivatives. 

The commercial potential of this family of fatty derivatives 
was examined briefly from two approaches. Polymerization 
with formaldehyde, epichlorohydrin, and phosgene was investi- 
gated, and several fluids were prepared and screened as poten- 
tial high-temperature lubricants. 

O 
Va WOt~K (1) on the utilization of inedible ani- 

mal  fa t s  as i n t e r m e d i a t e s  f o r  c o m m e r c i a l l y  
valuable materials suggested that  bis-(hydroxy- 

phenyl)  alkanes derived from the condensation of phe- 
nol with ketones from C16 and Cls f a t ty  acids would 
be worthy of investigation. Compounds of this type 
which are commonly referred to as bisphenols find use 
(2) as antioxidants, germicidal, bactericidal or teni- 
aeidal agents, pharmaceuticals, surface-active agents, 
fungicides, pesticides, and for the preparat ion of res- 
ins. They can be reacted with formaldehyde to give 
phenolic-formaldehyde resins (2 ) ;  epichlorohydrin 
and caustic (2) to give polyepoxide resins; and phos- 
gene or carbonate ester (3,5) to give a heat-resistant, 
dimensionally stable, thermoplastic polycarbonate. 

Large-molecular-weight ketones have been prepared 
f rom saturated fa t ty  acids and are commercially avail- 

1 Presented at the 51st annttal spring meeting, American Oil Chem- 
ists' Society, Dallas, Tex., April 4-6,  1960. 

able. The use of diaikyl ketches in the preparation 
of bis-(hydroxyphenyl)alkanes  from phenol has been 
reported by many investigators. They have not em- 
ployed ketches of such high molecular weight as those 
derived f rom fats. 

Liebnitz and Nauman (4) have reviewed much of 
the early patent  l i terature and have given details as 
to the best procedures for the reaction of the lower 
dialkyl ketones with phenol. In  general, our results 
agree quite well with their findings. They are: 

1. Low temperatures, 25~176 are more desirable and re- 
sult in higher yields of the bisphenols than when temperatures 
in excess of 100~ are used. 

2. Sulfur and ionizable sulfur compounds containing a sulfur 
atom of apparent valence not greater than two promote the 
condensation of phenol with ketches. Anhydrous hydrogen 
sulfide was very satisfactory and has been the only sulfur 
catalyst emp]oyed by us. 

3. Various acid-acting condensing agents, such as hydrochlo- 
ric acid or a salt giving hydrochloric acid when reacted with 
water, are the most widely used. We have found that anhydrous 
hydrogen bromide or mixtures of anhydrous hydrogen bromide 
and anhydrous hydrogen chloride work very satisfactorily. 

The ratio of reactant phenol to ketone can be 
varied;  however when the ketones are solids, it has 
been advisable to use a large excess of phenol in 
order to maintain a liquid reaction mixture at low 
temperatures. Yet, even under  the most favorable 
reaction conditions known, such reactions to produce 


