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SUSPENSIONS BY COLD MIXING 
' By Frank P. Achorn and Hubert L. Bally 

Cold mixing is probably defined most frequently as a "process by which fluid 
fertilizers are made of raw materials which release little or no heat when they 
are mixed." The cold mixing of clear liquids is a well establis ed process, used 
at one time or another by over half the manufacturers in the flu d fertilizer 
industry. 

To produce suspensions by cold mixing, one of the liquid base so utions such as 
10-34-o, 11~37-0, or 12-40-0 is mixed with clay, urea-ammonium n trate, and potash 
to make high-analysis suspensions such a~ 20-10-10, 10-30-~0, 15 15-15, 18-9-18, 
and 7-21-21. It is also possible to suspend the correct amounts of micronutrients 
and, in many plants, to incorporate herbicides and insectidides n suspension 
mixtures. A recent survey shows that about 90 percent of uhe su pension ferti­
lizers produced in 1967 were made by the cold-mix process. Aver ge analysis of 
these suspensions was about 42 percent higher than that of compa able clear-liquid 
mixtures. The survey also shows that about twice as many plants will use the 
cold-mix process this year as in 1967. 

Plant Description 
i 

Figure l is a sketch of a typical cold-mix plant. The esti~ted 
plant is about $25,000. Potash is screened by a small oscilllati 
This screen is necessary for the removal of oversize potash! and 
material. Although the amount of foreign material is smalli, it 
application difficulty unless it is removed. Usually the quanti 
potash is so small that it can be hand-crushed and rescreened. , 
operators permit it to discharge into a barrel of water where it 
solution of potash which can be used,to replace some of the wate 

cost of such a 
g 8-mesh screen. 
ny foreign 
ill cause 
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formulation. 

Most suspension manufacturers add clay by using a small separate andling system 
which consists of a clay hopper and a small screw conveyor. Cla is also added 
by pouring from an open bag into the mix tank. When this i~ done, care should be 
taken to dribble clay into the liquid at a rate of about 501 poun s every 2 minutes. 
If a full bag is dumped at one t~e, the clay is likely to rorm 1 rge balls and be 
difficult to disperse and gel. Sometimes a clay injector s~ch as that shown in 
Figure 2 is used. This injector has a venturi section thro~gh which the suspension 
is recirculated. A clay hopper is also welded to the top of the enturi section, 
and clay is drawn into the recirculating suspension and thus into the mixture. 

Figure 3 is a sketch of a typical mix tank which has been convert d to a batch 
mix tank for suspensions. The tank should have a cone bottom so hat settled 
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solids can be easily recirculated for dispersion in the suspensi It should be 
equipped with a large agitator and a recirculation pump for viole t agitation. 
The agitator shown in this sketch is fabricated from a usedJ true transmission 
and the rear end of a truck which serves as a speed reducef'. The turbine can be 
built in a small shop. Many companies sell properly designed agitators. 

It is recommended that the suspension be strained as it is umpe to and from 
storage. 

Figure 4 is a sketch of an air sparger which should be installed in the product 
storage tank. The sparger is fabricated from rubber hose or sof plastic tubing, 
and small slits are cut in its upper surface. Under pressure th slits open and 
permit the passage 6f air which agitates the suspension. When a·r pressure is 
cut off, the slits close and do not become clogged with th1 susp A suspen-
sion in storage should be agitated for 15 minutes once eve~y 12 

Satellite Plant 

A cold-mix plant serving satellite stations is another typ of t e suspension 
marketing system. Figure 5 is a sketch of a typical satel ite s ation. In such 
a station desired quantities of 12-40-0, 5-15-30, and 32-oJo are weighed in the 
nurse tank into which air is sparged to provide agitation. · Some satellite station 
operators have installed a small mix tank, mounted on scales, in which the sus­
pensions are weighed and mixed by recirculation. 

The estimated investment cost of a satellite station is about $9,000. Each liquid 
cold-mix plant should be able to service at least 15 stati ' igure 6 is a 
diagram of such a marketing system. Total investment shou d be onsiderably less 
than the investment in a conventional cold-mix plant in th location and 
substantially less than the investment in a system for the lending of solid 
materials. Because of the tendency of materials in bulk b o segregate, it 
is extremely difficult for a bulk-blending plant to have s e stations in 
which blends can be stored and handled. 

Materials Used in Cold Mixing 

Several companies have used 10-34-o and 11-37-0 clear liquids in the production 
of suspension mixtures. They have found the following mix~ng pr cedure to be 
satisfactory: 1 

1. First add to the mix tank water and enough urea-amminium itrate 
solution for the clay content of the mixture not to ,excee about 
12 percent clay. 

2. Next add clay and allow it to gel about 5 to 7 minutes. 

3· Add 10-34-o or 11-37-0 liquid. 
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4. Add potash. 

formulation. 
5· Add the rest of the urea-ammonium nitrate solution rjquire by the 

Recent small-scale tests indicate that when possible the ur a-amm nium nitrate 
solution should be added after the potash has been added and mixe for a period 
of time. When this procedure is used, the potash in solutidn rea ts with the 
nitrate of urea-ammonium nitrate solution and saturates the suspe sion with very 
small potassium nitrate crystals. Such saturation with small cry tals helps 
prevent the growth of large crystals in the suspension. 

Several companies are successfully using 12-40-0 ammonium p lypho phate solution 
to produce suspensions by cold mixing. Base suspension can be ma e from either 
wet-process or fUrnace superphosphoric acid. TVA has recen ly de eloped a process 
for the direct production of ammonium polyphosphate base su pensi n from wet­
process orthophosphoric acid which contains 54 percent P2 05 • Adv ntages in 
using a base suspension are: 

L Little or no additional suspending clay is needed in 1 the 
Therefore, the handling of clay and the time required to 
be kept to a minimum. 

2. A base grade with an,analysis about 20 percent highe than that of 
a comparable clear liquid can be shipped as a suspen ion. There­
fore, freight and handling cost can be lowered. 

3· Higher grades can be produced from base suspension 
than from base solutions (.10-34-o and ll-37-0). 

I 

12-40-0) 

A solid ammonium polyphosphate (15-61-0) is being tested inlthe A field program 
for the production of suspensions. This material is granu~r and free-flowing, 
and 50 percent of its phosphate is in the polyphosphate fo~. A onium polyphos­
phate can be easily solubilized. It has been used to produ¢e r liquid grades 
such as 10-34-o, 7-21-7, 8-8-8, and 5-10-10. When it is us'd in he production 
of suspensions, the same mixing procedure outlined for the 1 se of 10-34-0 and 
ll-37-0 is followed. Suspension grades such as 5-15-30, 7- l-21, and 13-13-13 
have been produced with either potash or potassium sulfate. 

One company has used ammonium polyphosphate and dilute spen phos boric acid or 
wet-process orthophosphoric acid in the production of suspe sion rades. Grades 
such as 5-15-30, 10-10-18, and 7-21-21 have been produced. Fifty percent of the 
P2 05 was supplied as spent phosphoric acid and 50 percent a ammo ium po'lyphos­
phate. By definition this operation is not a true cold-mixiproce ure. However, 
it is a modified cold-mix operation, because no cooler is r~quire and at the 
end of the mixing cycle the mixture is about at room temper,ture. Ammonium poly­
phosphate and potash have negative heats of solution which ~bout ffset the heat 
released by the reaction of the spent acid and aqua ammonia 
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There were indications last spring that diammonium phosphat~ and 
at very low prices. These materials can be easily used in ~uspen 
of their depressed prices can be realized by cold-mix plant~ in t 
lizer industry. 

Diammonium phosphate (18-46-o) has been used in combination with 
ammonium polyphosphate to produce an 8-24-8 suspension grade. Wh 
mixed, they adjust each other to the N:P2 05 ratio of maximum solu 
both materials are of high analysis, rather large quantities of w 
in the formulation. The resulting suspension still has a htgh p 
centration. The mixing procedure is: 1 

1. Add water. 

2. Add clay and allow to gel. 

3· Add 18-46-o. 

4. Mix 5 minutes to partially dissolve the 18-46-o. 
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5· Add 15-61-0 and mix 15 minutes to completely dissolve all olids. 

6. Add potash. 

7. Add urea-ammonium nitrate solution. 

Tests have shown that in early spring a plant that has stor~d 28- -0 solution 
through the winter can produce a good high-nitrogen suspension (3 to 38 percent 
nitrogen) by cold mixing the 28-0-0 solution with conditioned mic oprills of urea. 

New Materials 

TVA is developing several new processes for the production 
suspensions. In one process a 14-44-0 suspension will be f 
zation of superphosphoric acid with ammonia. In some situa 
possible to produce mixtures of higher analyses with this 

I 
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In another process a high-analysis urea-ammonium nitrate sus which has a 
nitrogen content of 37 percent is produced. This material n field-tested, 
and we have had excellent results in producing from it susp such as 
30-10-0 and 16-16-16. However, the 37 percent nitrogen sus ensio does not store 
well during the winter. Studies are being made in an effort to i prove its winter 
storage characteristics. 

Recent tests show also that sodium bentonite clay is as eff ctive a suspending 
agent as attapulgite clay, provided the clay is gelled in w ter. Deposits of 
sodium bentonite clay have been found in Wyoming. Work is ontin ing in an 
effort to find other gelling agents. 
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A limited quantity of a l2-40-0-2S was produced at TVA last ~pring from anhydrous 
ammonia-sulfur solution (74 percent Nand 10 percentS) and superp osphoric acid. 
In its production, elemental sulfur was first dissolved in anhydro s ammonia, 
and superphosphoric acid was neutralized with the resulting soluti Sulfur 
released into the suspension was very fine (about 10 microns). Ag onomic tests 
are being conducted with this suspension. It is reasonable to ass e that the 
sulfur will be converted to an agronomically available form ~oon a 
applied because of its fine size. ! 

TVA also introduced into its field programs a 14-59-0-4Zn solid a oniu~ poly­
phosphate which was used as a zinc source for fluid fertilizfrs. 

Application Equipment ! 

There are several noncomplicated types of equipment for broadcasti g suspensions. 
Figure 7 is a sketch of a truck equipped to recirculate suspensions through a 
sparger to keep the materials suspended. The sparger is located a the 8 o'clock 
or the 4 o 1 clock position, and the holes are directed so that the recirculating 
suspension sweeps the bottom of the tank. i 

Another type of truck for broadcasting suspensions is shown&·n Fi re 8. A 
rubber hose-type air sparger with slits cut in the upper surface is used to 
agitate the liquid in this applicator. Neither applicator 

1 

s a boom, but one 
or more nozzles are installed at the rear end of each truck.! App ication.rate 
is changed by variations in the speed of the truck and the number nd the height 
of the nozzles. 

Figure 9 is a sketch of a conventional corn planter which can be dapted for row 
application of suspensions. This attachment usually consis11s of s pply tanks 
which normally come with the liquid attachment and a hose p p wh'ch operates on 
the principle of squeezing a liquid through a compressible t be. (These tanks, 
however, can be replaced with a single tank.) As the reel the rollers on 
the reel flatten the tubes and force fertilizer through the nd knife tube. 
Farmers have used some of the piston-type metering pumps to 
These pumps should be altered so that they can withstand ab 
and their valves should be designed so that they do not bee 
crystals. 

Suspension fertilizers appear to be here to stay. One of the 
expensive ways to produce suspensions is by cold mixing. 

lest and least 
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AXLE HOUSING-WELD AXLE TO 
PINION THIS SIDE. USE NICKEL 
ROD FOR METAL IN AXLE AND 
PINION. 

AXLE HOUSING -REMOVE THE 
AXLE AND CAP HOUSING LOCK 
DIFFERENTIAL THIS SIDE BY 
WELDING PIN BETWEEN 
SPIDER GEARS. ~ 

/DIFFERENTIAL 

FLANGE MOUNT TURBINE 
TO SHAFT. BOLT FLANGE 
TO TURBINE- USE KEY 
AND SET SCREWS TO 

r--- fj 2{j' Dl A. SHAFT 

~IW,t FLANGE TO , ...,._ , 

TURBINE MIXER-DRIVE @ 100 RP.M.-IF PROPELLER IS USED, 
DRIVE @ 450 R.P.M. 

NOTE: 

TRANSMISSION-
INPUT SPEED DEPENDS ON 
REDUCTION OF TRANSMISSION 
AND DIFFERENTIAL. SET INPUT 
SPEED SO THAT AGITATOR IS 
DRIVEN AT REQUIRED SPEED 
WHILE TRANSMISSION IS IN FIRST 
GEAif. 

'/~MOTOR- USE lOKI? T.E.F.C.MOTOR 
...: FOR TURBINE- 5H.P FOR PROPELLER. 

EXAMPLE: 3 
STANDARD USED FORO ,i" TON TRUCK 
TRANSMISSION AND DIFFERENTIAL 
(Estimated cost: ·$200) 

.. 

TRANSMISSION GEAR RATIO: 2.98 TO I 
DIFFERENTIAL GEAR RATIO: 4.1 TO I 
ELECTRIC MOTOR: 1750 R.PM. YEF.C.,10HP 
TURBINE: DRIVE AT APPROX- 100 R.P.M. 

TO DRIVE TURBINE @) 100 RI?M. 
DIFFERENTIAL MUST BE DRIVEN AT 
IOOX4.1•410 RPM. 
TO DRIVE DIFFERENTIAL AT 410R!M. 
TRANSMISSION MUST BE DRIVEN ~ 
410X2.98•1222 RPM. 
REDUCTION ON MOTOR MUST BE : 
1750•1.432 TO I 
1222 
USE 5" SHEAVE ON MOTOR AND 7" 
SHEAVE ON TRANSMISSION. THIS WILL 
DRIVE TURBINE AT 102 RI?M. 

~~~!4n SJ.~~L ,..~~~-~~~R TURBINE AND STEEL SHAFT MAY d....Jl' I I ~ t:_....j II f--11-

FIGURE 3 

AGITATOR MADE FROM TRUCK QIFFERENTIAL AND TRANSMISSION 



DISTANCE FRO~ LINE TO 
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I. RUBBER HOSE OR FLEXIBLE PLASTIC PIPEIINat 

2.r~fr-TS iN PIPElToi INat LENGTH..surs 
· • SFACED ABOUT21NCHES APART. POINT SUlS OC7MWtMa 

METAL HOLO-OOWN 3.STEEL OR RIGID PLASTJC PIPES PLACED PERPENDIQJLAR 
CLAMPS. AS SHOWN IN THE SKETCH. · . 

4 TO HOLD PIPES IN POSITIOf!, TIE AT CROSSOVER AND 
WEIGH WITH METAL AROUnD PIPE. 
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FIGURE 8 
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FIGURE 7 
APP.LICATOR FOR SUSPENSION FERTILIZERS 

(PUMP WITH SPARGER AND TWO SPRAY NOZZLES) 
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