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Figure 5 - Example of installed capital and operating
cost for Bulk Flow Heat Exchanger compared to a
fluid bed cooler for a 1364 t/d urea plant, cooling
from 60°C to 40°C (1500 STPD, 140°F to 104°F)

REFERENCE LIST
DATE
COMMISSIONED COMPANY LOCATION APPLICATION
1988 Cominco Fertilizers Ltd. Carseland, Alberta Urea
7991 Simplot Canada Ltd. Brandon, Manitoba Ammonium Nitrate
7991 Irish Fertilizer Industries Co. Cork, Ireland Urea
71992 uop Shreveport, LA Catalyst Base
71992 Sherritt Gordon Ltd. Fort Saskatchewan, Alberta Urea
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A Zero Defects Program For Small

Fertilizer Plants

John L. Medbery
Consultant to the Fertilizer Industry

ABSTRACT

All too often there exists a passive acceptance by many
fertilizer producers that off-spec. product is inevitable. The
purpose of this paper is to outline a method for identifying
the causes for product defects and then propose some ways
by which a manufacturer and his employees can work
together to eliminate these causes. The causes are termed
“errors”. They are typically errors of omission and errors of
commission.

The plantwide teamwork approach for Error Cause
Removal has the goal to make all products free of defects.
This is commonly referred to as a Zero Defects Program.
It is management’s responsibility to establish standards
and to motivate employees toward achieving an error-free
workplace.

INTRODUCTION

As the title infers, this paper focuses on the quality
problems of small fertilizer plants, which are currently
mostly blending plants, customarily involved in the dry
mixing of various N, P and K materials to make graded
products with certain analysis guarantees.

The regulatory agencies of the various states sample
and analize a portion of the production to ensure that
consumers are provided with the chemical analysis for
which they are invoiced.

Alarge number of such plants consistently fail to meet
the product analysis guarantees within the stated toler-
ances. Their defect rates range from about 6% to 80%. The
1988 average deficiency rate for all states was 17.7%. Some
states sample only materials, not blends, so they tend to
lower the average. Also, some states do not report the
deficiency data and are omitted from the average.

A significant aspect of the regulatory program is that
overall quality seems to improve somewhat in certain
states but not in others. Also, some manufacturers have
made much progress and others are doing no better than
in prior years.

It is not the intent of this paper to dwell upon the
sampling methods, tolerances or penalty assessment prac-
tices of any particular state. Rather, this paper will focus on
how any plant in any location can eliminate errors and
consequently improve their analytical standing under the
fertilizer regulations that apply to them.

IDENTIFYING THE PROBLEM
Quality control in blending is a subject that has been
addressed many times and in many venues. TVA has pro-
vided excellent advice on how to eliminate segregation in
blends. Best Management Practices is a term that can be

applied to any aspect of plant operation and has been the
subject of many a sermon.

The approach that I propose is very direct. When a
report of an analysis deficiency is received at the plant, the
plant superintendent immediately studies the analytical
data and determines the cause of the deficiency. He then
fills out a simple form called “Report of Off-Spec.Sample”.
He assigns a reason for the product defect. Occasionally he
may misjudge the cause, but in over 90% of cases, he can
readily identify the problem. An example is provided as
Figure 1.

Because of a strong desire to improve their quality
standings, IMC applied this technique at three dry blend
plants in Florida. The data for a two-year period was
collated. Asummary of the plant superintendents’ explana-
tions for off-spec. product is as follows:

CAUSES OF DEFICIENCIES
Human Mistakes 17%
Weighing Errors 7%
Contamination 10%
Segregation
Major Nutrients 59%
Minors 7%
CORRECTING THE PROBLEM

Now let us deal with each of these causes individually.
First, Human Mistakes. 1t is a hard thing for any superin-
tendent to admit that either he or one of his_employees
would make a mistake that would result in an off-spec.
product. Yet, when the subject is approached openly and
without bias, this is what is found. Upon further study, the
mistakes can be broken down into categories. In the case of
the three Florida plants, we found three reasons for these
mistakes:

¢ Lack of Knowledge
¢ Lack of Proper Facilities
¢ Lack of Attention

A program was then introduced which attacked each
of these causes.

Lack of Knowledge was corrected by holding plant
meetings during which each aspect of the plant’s operation
was openly discussed. Deficiency data was reviewed and
causes for off-spec. product were identified. Employee
participation is essential to the success of this approach
and usually the corrective action is suggested by the
employees themselves. No longer do workers do foolish
things through lack of knowledge.

Lack of Proper Facilities is usually pointed out by the
employees during these meetings. Of course, management
should have been aware of equipment shortcomings, and
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probably were aware even before the meetings were held.
However, when the employees themselves complain about
these problems, it becomes awkward to procrastinate in
taking corrective action. Management must follow through.

Lack of Attention gets to the root cause of human
behavior. Careful pre-employment screening is necessary,
but once people are on the payroll, they must be inculcated
with a desire to excell. Anincentive program will help keep
their minds on their work. Group pressure then comes into
play as a motivator.

I used to do a lot of league bowling where individual
performance contributes to the score of the team. Some
members use this night out as a social event and pay little
attention to improving their skill. The better bowlers,
however, treat this as a challenge and they strive to excell.
Every nerve and every sinew is focused on one thing, get
that ball in the right groove and hit the Pocket for a strike!
It is management’s responsibility to imbue the employees
with this level of zeal. The Japanese are well known for the
quality of their products and individual workers always
strive for excellence in performing their jobs. The expres-
sion for this is “issko kemmei”, meaning “total commit-
ment”. We must attain total commitment at all levels,
management down to the lowliest job holder.

Weighing errors contributed to 7% of the deficiencies
according to our study. They can be caused by many things,
not all of which are readily apparent.

An example would be a scale hopper that consistently
gets out of calibration. A simple calibration test should
then be done each morning before the scale is used. By
alternating test weights and materials in the weigh hopper,
the calibration can be verified for the entire weighing
range.

Another cause of weighing error is parallax. This often
happens with dial scales because of the offset of the dial
pointer from the dial. This can be a significant source of
error when the dial is observed from a distance and from an
angle by the batch weigher. Locating the dial directly in
front of the weigher helps. This is not always possible when
the weigher is also operating a shovel loader. The answer
then is an electronic digital read-out. I recommend, how-
ever, that the dial head be retained as back-up in event of
circuit board failure.

Contamination was judged to be responsible for 10%
of the product deficiencies. The most common cause of
contamination is spillage of one material into another that
occurs prior to weighing and mixing. This can occur at the
receiving system where materials are unloaded into the
plant, either at the unloading site or in the distribution of
materials into bins. Other causes are overflowing of bins,
leaking bin partitions and floor spillage which is not
properly separated or recovered.

Amore subtle form of contamination can occur within
the blending mill itself. Figure 2 is a flow sheet of a fairly

complicated blending plant in Florida. In this plant layout,
I have identified 16 places where contamination can occur.
Leakage through flow control gates and hang-up in hop-
pers is common in a plant of this type.

The answer to all of the above error causes is an alert
work force, an effective plant maintenance program and a
responsive management.

Segregation is the most common cause of a product’s
failure to meet specifications when sampled. As we previ-
ously stated, segregation of major nutrients (N-APA-K 20)
was found to account for 59% of deficiencies our three
Florida plants. Segregation of minor nutrients, which are
included in most Florida formulations, was responsible for
7% of the deficiencies. This is largely due to the fact that
many of the minor source materials are available as fine
crystals or powders.

The magnitude of this problem is immense when the
entire industry is considered. One illustration is the 1984-
85 datafrom Iowa involving the most popular grade blended,
9-23-30. This is a very simple mixture, 50% DAP (18-46-0)
and 50% MOP (0-0-60), and yet 49 out of 97 samples
reported were deficient in one or more nutrients. Variation
in particle size was judged to be the explanation.

When particles of differing diameters are mixed to-
gether and then deposited in a conical pile, they will
separate, whereas mixed particles of matched sizes will
remain uniformly distributed throughout the pile. Size
Guide Numbers were developed as a handy means of
identifying the particle size of a blending material. (1) Raw
materials producers now provide this information to buy-
ers, SGNs are intended to enable the blender to select well-
matched materials for use in blended fertilizers made at his
plant. When all other conditions are brought under con-
trol, well-matched SGNs will ensure a good quality prod-
uct.

It is not always possible or most economic for blenders
to use well-matched particle sizes. In those cases, the
tendency to separate must be controlled. Hoppers for
blended products should be provided with “egg crate”
partitions. I have found this to be very effective, especially
if the product is to be bagged out of the hopper, or loaded
directly into a vehicle from the hopper.

For bulk shipments, segregation can still occur if the
material is allowed to form a cone when the hopper is
discharged into a transport vehicle, or when a mixer is
discharged into a vehicle. There are two sampling proto-
cols that apply to bulk materials in vehicles. (2) One
involves the use of the Missouri D-tube and the withdrawal
of cores from the loaded material according to a prescribed
pattern. The other method requires the sampling cup to be
used to cut the stream at specified time intervals. This can
be quite difficult if it has to be done while standing in the
vehicle while it is being filled. It is quite possible that
samples are frequently taken under adverse conditions and
consequently reflect segregation that may not actually
exist.
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A common misconception in stream cut sampling is
that the fertilizer falls off the end of a conveyor in a nice
uniform flow. In real life this seldom occurs and special
adaptations must be made to obtain an unbiased sample.
For instance, the fertilizer particles take a trajectory as
they come off the rotating head drum. The larger particles
travel farther than the fines. Likewise, if the mixed particles
have traveled some distance on a belt conveyor, the larger
particles tend to roll to the outer edges of the stream on the
belt. For these reasons, it is best to provide a small hopper
or chute at the end of the conveyor to confine the stream
dimensions to ensure that 100% of the flow at the moment
of sampling enters the sampling cup. (Figure 3).

A further improvement is to place the cup on a track
and slide it horizontally across the flowing stream using
some kind of handle extension to control the movement of
the cup. It then becomes much easier to maintain the exact
timing sequence for cup transits. It also guarantees that
the entire width of the stream is sampled.

Arubber flap can be added at the hopper exit to smooth
out surges in the flow rate which often occurs when
flighted drag conveyors are added.

The Canadian Fertilizer Institute developed the con-
cept of The Uniform Index in addition to the Size Guide
Number mentioned earlier (1). The purpose of the Unifor-
mity Index is to provide information on the size distribu-
tion or range within a fertilizer material purchased for
blending purposes. The higher the U.I. number, the less the
material is likely to separate into sizes (segregate) when
transferred into storage bins at the plant.

Segregation can be minimized in several ways, includ-
ing filling the bins to a uniform height by use of flow
diverters and frequent changing of the drop point of the
inloading conveyors. Also, a shovel loader operator can
remove materials of varying sizes from the bin when
transporting the material to the blender.

Frequently there are higher deficiency rates in bagged
blended fertilizers than in bulk goods produced at the same
plant. This could be attributable to segregation occurring
before bagging or segregation of materials within the bag.

The sampling protocol for bagged fertilizers involves
the removal of cores from selected bags by use of a trier (2).
To verify the validity of samples taken in this manner some
special tests were conducted. A large riffle was purchased,
one capable of handling an entire 50-lb. bag of fertilizer.
The riffled fertilizer was remixed via the riffle several times
before any was discarded. Finally, the reduced whole-bag
sample was obtained. The analysis of this sample did not
always confirm the sample taken from the bag by the trier.
Generally the whole-bag samples were more often “on
spec”. This verifies the assumption that segregation occurs
within a bag. Accordingly, it is most important that only
well size-matched materials be used to avoid deficiencies in
bagged blends.

The American Association of Fertilizer Control Offi-
cials, AAFCQ, in Policy Statement No. 19 states as follows:
“A deficiency in an official sample of mixed fertilizer result-

ing from non-uniformity is not distinguishable from a
deficiency due to actual plant nutrient shortage and is
properly subject to official action”. Accordingly, when the
industry produces a segregated blend, it can expect to be
found deficient when inspected.

Obtaining a truly representative sample of a blended
product is extremely difficult at best. As stated years ago by
Dr. W. F. Hillebrand of the U.S. Bureau of Standards, “The
sampling of the material that is to be analyzed is always a
matter of importance, frequently a more important opera-
tion that the analysis itself”. This being the case, the blend
plant’s management must do everything within reason to
aid the inspector in obtaining the best possible sample.
This, in itself, will reduce the number of deficiencies.

CONCLUSION

In conclusion, let me repeat ERRORS are the cause of
off-spec. product. These are both errors of commission and
errors of omission. Eliminate errors, reduce defects to
zero, and product deficiency reports will be a thing of the
past.

Our customers are much like Churchill.Sir Winston
said this in regard to quality, “I am easily satisfied with the
very best”.

Happy customers are repeat customers and a source of
profit for our blenders for many years to come. A Zero
Defects Program is vital to the success of our blending
operations.
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REPORT ON OFF — SPEC SAMPLE
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FOREMAN'S REPORT OF INVESTIGATION

SCALE WAS CALIBRATED ON MAR. 7, WAS
ADJUSTED., SHOULD HAVE BeenN OK.

RECHECKED BATCH SHEET - N0 ERRORS,

CHECKED ALL HOPPER GATES- NO LEAKS,

SUPERINTENDENT'S COMMENT AND CONCLUSIONS (What steps will be taken to prevent reoccurence):
LT APPEARS THAT CONING OCCURRED IN
BUL K HAULER. INSPECTOR'S SAMPLE

CONTAINED EXCESS POTASH. THIS
DILOTED N, APA, AN D M&'

DISTRIBUTION: A
Area Sates Manager Q’re/
Production Coordinator,

g;mnl Foreman SUPERINTENDENT
.
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Small drum conveyors usuallyrun at very high belt speeds, thus
imparting considerable trajectory to the fertilizer particles. The ball-
istic character of these particles is dependent upon many factors includ-
jngksiz$% density and where they are situated on the belt at the time of
"take-off".

Large drum conveyors usually run much slower and consequently
impart a greatly different discharge pattern to the materials being con-
veyed,

In either case, it is unlikely that a standard 10" wide cup
could capture a cross-section of the entire stream. This problem is
easily solved by installing a small hopper at the discharge end of the
belt. The hopper should have a narrow discharge opening at right angles
to the direction of belt travel. The opening should probably be no more
than 5 inches wide to ensure that a 10-inch cup can cut the stream with-
out difficulty.

In the case of drag conveyors such as Sackett's "Bulk-Toter",
the discharging stream comes in pulses. Conceivably, when sampling by
passing the cup at uniform time intervals, the sampler would get a dis-
torted sample by catching a disproportionate number of high-load surges
or low-load surges. This condition can be mitigated by providing the
discharge hopper with a rubber fiap which regulates the volume of flow
exiting the hopper.

198




FINANCIAL STATEMENT
October 20, 1991 to October 22, 1992

Cash Balance October 20, 1991 $26,236.86
Incom r 20,1991 r22,1
Registration Fees - 1991 Meeting & Cocktail
Party Receipts 9,467.20
Sale of Proceedings 1,908.84
Registration Fees - 1992 Meeting & Cocktail
Party Receipts 15,210.00
Total Receipts October 20, 1991 to October 22, 1992 26.586.04
Total Funds Available October 20, 1991 to October 22,1992 $52,822.90
Disbursemen r 20 1 r22 2
1991 Meeting Expenses (Incl. Cocktail Party) 10,004.86
Misc. Expenses Incl. Postage, Stationery, etc. 474.66
Directors Meeting 1,387.06
1991 Proceedings Incl. Postage, etc. 8,425.60
1992 Meetings - Prel. Expenses 12,051.51
Advertising 164.60
Total Disbursements October 20, 1991 to October 22, 1992 32,508.29
Cash Balance October 22, 1992 $20,314.61

Respectfully submitted,

Paul J. Prosser, Jr.
Secretary/Treasurer
Meeting Attendance: 120
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