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ABSTRACT

This article presents the chemical treatment of
resirculation cooling water in Cangzhou Cnemical Fer-
tilizer Plant at the first three stages after it was
put into operation in October, 1976. At the initial
stage of operation, the production was fluctuated due
to the improper treatment of water. Now the produc-
tion of nitrogenous fertilizer will be never in danger
of the quality of recirculation cooling water becausa
the appropriate chemical treatment formvlation has becn
selected according to the water quality of the plant,
the control uf microbes and management of field ope-
ration enhanced and the shell side of carbon steel
water coolers protected with a corrosion-resistant
paint.
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It is important for a nitrogenous fertilizer
plant to have a normal operation of recirculation
cooling water system. A proper treatment of recir-
culation cooling water will obtain a normal operation,
otherwise the production will be impared., Our plant.
(including ammonia unit and urea unit) was actually
put into operation in 1976. At the initial stage, due
to the negligence and improper treatment of the re-
eirculation cooling water, the following consequences
were brought about:

1. The heat transfer coefficicent was reduced due
to the corrosion and fouling in some water coolers.
Sometimes the temperature of process gas was occasion-
ally higher than that of design specification.

2. leaxage was found in some water coolers, with
a service time less than one year due to comparatively
high corrosioa rate of water coolers. Therefore, the
replacemcnt period of water coolers was shorter than
the normal period required.

3. The ammonia unit had to be shut down three
times during the period from October 1976 to May 1977
due to the leakage of water coolers and the elimina-
tion of leakage or replacement of water coolers. In




result, the continuous long-term cperation could not
be realiged. During this period the maximum opera-
tion days was only 128 days, thus resulting in low
output and high energy consumption.

For this reason we enhanced the work for treat-
nent of recirculation water and made the improve -

nents on the following points, thus fundamently solv-
ing thc above problems and getting rid of a “water"
threat against the ammonia and urea production.

}« Selection of the chemical treatment formuls-
tions appropriate to the watcr quality:

The nake-up water in our plant contains very low
content of caleciwa and higher corrosive ions like
chiorine ions (see Tablc 1). Thercfore, the watar
appears relatively strong corrosion. In order to
avoid corrcding the stainless steel water coolers in
the urea unit by chlorine ions, the chlorine ions
should he kept less than 275 ppm, with only 2.1 con-
centration times. The calcium content 41s still
very low wvith the above concentration times. At the
initial stage of production we used the formulation
of phosphate with no ginc addel, rosulting in com-
paratively severe corrosion. In order to improve
the formulation, we carried out many oxperiments,
first with the testing plates in the cylinder (=ee
Table 2) and then with the dynamic simulation device




(heat exchange tubes). In the result of several ex-
periments we gained the experience that the experi-
mental conditions should simulate the field condi-
tions as much as possible (see Table 3). The expe-
riment proved that we had got a better formulation
results than the previous ones after we used higher
dosage of inhibitor and added low dosage of ginc ions,
with the operation conducted still under alkaline con-
ditions. Therefore, we seleected the compound forou-
lation of polyphosphate with the zinc added in the rc-
circulation water.

e e o et




Table 1. NATER QUALITX ANALYSLS OF MAKE-un

JAIER AN]) RECIRCULATION COQLING

¥ATRR
Nt + ' ppm 251.0 530.0
ca™ pm 10.0 20.8
Mg ppm 8.0 16.8
HCO;  ppm 345.0 70 - 80
Sd: ppa 120.0 630 - 700
™ pm 126.7 266.1
co;  pm 7.5 1-10
et + P ppum 0.2-0.3 0.5-0.7
810, ppa 12.0 25,20
PH ppa 8.3-8.5 2.5-8.2
Turbidity ppm 1.2-2 <10
Totel dissolvced solid ppa 850-900 1550-3650
Blectrical conductivity 0.1 x 104 0.185 x 104

15°C 4s/om

Concentration times 1l 2.1
40°C RYznar index 6.54-6.34  8.04-7.34
80°C RYgoar index 5.34-5.24  4,82-4,12




Tab.2. Test Data of Corrosion Specimens

Composition of formulation Corrosion
formulati
Comp. Comp+ zn**|ca*™t :
A B
ppm |ppa | ppm | ppmj FH
Blank / /| 7 lsojrs-84d so
Phosphate 5.5 | 8 / 56 18,0 © 0.2 15

¢ S
{ Phosphate 20 8 2.2 ] 50 8.9 _ 0.

+ zine) I 7
( Phosphate 10 | 4 2 |50 (8.0 0.4 o0.69
+ zine) 1I

Phosphate + 75
zinc + cal- | 10 | 4 2 |(unkg-
ciun up *

| 25) 8.0 ~ 002 0054

Motes:

Co.. A =- sodium hexancvaphosphate
Conp. B is nade up of FC, HEDP & MBT.
Zzn** as 7n

ca*t as daco3




Tablc 3., BEXPERILENT DATA OF DYNAMIC SIMOLATION
Pouling
Treating A.C.R. MPY P.C.D. mm factors Appearance
formulations |3,00 | 449%| 85% | 32% | 44%¢ | wlhr.c/keal
. red bdbrown
- Scale
Blank 12,75{19.29 114.44 / / 5.05 x 10 rX. thickness
— - — 2SR e
roosphate | s.23| 8.83] 11.75|  / /| 062 x107% | black red
— rugty wart _
brown rusty
(Puosphate -
+ gino) I 3.07| 2.72| 1.75| 0.186 {0.258 | 0.2 x 10~4 | Spots
( Prosphate : -4 yellow brown
+ zinc) II 2.05 1077 0099 00104 0.08 0027 X 10 mty chta
Phosphate + -4 yellow brown
zinc + celeium 220 0.9'7' 0.68| 0.088 0 0.8 x 10 rusty spots
| OO RS (U NS S

Note:

The composition of trcating formulations 1s same as that of Table 2,

—




2. Sxick xonitoring and control of microbes:
Negligence is not allowed to the microbes in

the reocjrculation water. The microbes wilil cause a
lot of mud in the recirculation water system, result-
ing in reduction of the heat transfer coefficient of
wvater coolers and even hlockage of the coolers., Fur-
thernore, the microbes will cause the corrosion and
holes underneath the scnles, The fungi will also
erode the wood and damage the wood atructure of cool-
ing water towers by erosion. Therefore, the effici~
ency of chemical treatment will bq probably reduced
by the nmicrobes. The nicrobes will also possibly cau-
se the failure of treating formulations even though
the formulations which are scaling-and erosion-resis-
tant corform to the actual conditions.

In order to observe and control the activitics.
of acrobes, the regulations of -+ " toring microbes
were first cstablished,, We not only froquently count-
ed the nunber of living bacteria (heterotrophic bac-
teria) by means of flat dish, but 1lso made a monthly
guneral) investigation ¢f ferribacvcoria, sulphate-
reducing bacteria, nitrobacteria group, fungi and
algee, Besides, we also frequcently analyzed the items
of NH,, NO, and COD, vhich could indirectly indicate
the growth of microbes.

In nitrogenous fertilizer plants, the rocircula-
tion cooling -mater arc contaminated usually by ths fol-

lowing thrce sourees:




1) Contamination of water source:

There were less microbes when the underground
water (tube well water) was used in our plant. How-
ever, when the surface water (river water) was used,
there were more bacteria found. Sometimes the algae
and mud were also found.

2) Contamination of air in cooling water todaras

For example, a lot of fungl were existing not
only in the air, but algo easily increcased in water in
spring and autunmn,

3) Contanination of vorking medium;

It 1s known that ammonia is casily leaked in
any of nitrogenous fertilizer plants, Somctinmes the
annoni - lesking into the environment will be brought
into the cooling watcr towers by air or it will di-
rectly leak into the system through the water coolers,
thus promoting the growth of nitrobacteria group in
the water and forming nitrous radizal. Of course, in
vil9 cage the efficiency of killing bacteria with chlo-
rine will be reduced. It was found that when the
water cooler (124-C) leaked, the microbes grew vigo-
rously ir the rccirculation water, thus deterioranting
the water quality.

The growth of microbes was rclated not nnly to the
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above factors of contamination, but also to the at-
nospheric temperature. The microbes were vizorously
inereased in summer. The hydrolysate (phcsphorous),
which was produced after polyphosphate chemical treat-
ment, was the nutricnt for the microbes. It also pro-
noted the growth of microbes.

In the result of monitoring and general invcs-
tigation, we made great efforts to have the number
of living bacteria (heterotropkic bacteria) control-
led and kept below 1 - 5 x 105/m1. iron bacteria

< 100/ml, suliphate-reducting bacteria < 50/ml and
tungt < 10/ml.

The chlorine was simply used for killing bacteria
previously. The chlorine was introduced into the re-
circulation water system once per shift. Now the non-
oxidation type germicides are used in conjunction with
chlorine, mainly chlorine. If necessary, sSome non-
oxidation type germicides may be used alternatively.
The chlorophenol germicide was sprayed over the wood
structure of cooling water towers during the yearly
major overhaul, thus obtaining a better result than
tho previous one, The experimental data of non-oxi-
dation type germicides adopted are tubulated in Tab. 4,




Table 4. The Experiment

Sanpls wTDosage' ‘Surplus Blank liv- Change of
loontion | ppn | B | g%m 1138 bacterig
Germicides ' l ' 1 hr.
. S R
Chloro-phenol Recyeled | 160 [7.8/8.3 0 3.5 x 10°1 2,35 » 10°
vater
Allicin " LK 0.2 | 2.25 x 10°| 2.12 x 10°
|
Qaternary " L iTeB/842 0 1.84 x 105 2.43 x 10°
anine salt §
L |
Disuifocyno- " 25 |7.8/8.4 0.2 ! 45 x10*| 3.5 x 102
methane
Quaternary " 25 (71.8/8.4 0.2 | 4.5z 10| 5.0 x 10°
anine salt , |
B 3 l
! § | i
0 D AU ISR SR N




Data of Germicides

total of hetercotrophic bacteria
living bacteria number/ml.

Change of rate of
bectorin killcd %

Mox. value of
B. killed and

appearing tinac

4 br. 12 hr. 24 hr. | 3 hry 4 brl 12 b, 24 hrpTac fRoto of B
1.05 x 10%| 0.7 x 16® | 3.0 x 20%| 32.9| 70 | 75 |19.5 otn | &4
1.75 x 108 | 0,75 x 105I 2.0 x 10°| 4.6] 22.3] 66.3 | 11.1 12th | 66,3
3.1 x10° | 6,8x10° | 5.6 x 10%| 98.8| 98.4 | 96.2 | 69.5 | a8t | 988
4.0x10° | 3.0x10° | 3.5x10%| 99.21 99.1 99.3 | 99.2 |20th | 99.4

! .
8.0 x 102 | 9.5 x 10° E 8.6 x 102 | 98.9| 98.2 | 97.9 | 98.1 14th | 99.5
Note:

B is bactoria.




The chemical treatment cmployed could not uake
the flow rate of water through the shell sije of c.s.
water coolers lower than 0.5m/sec. Most of the water
coolers replaced due to leakage in our plant were con-
structed with c.s. shell side. PFor this reason, we
had some shell sides of c.S. water coolers coated with
the corrosion-resistant paint CH784, which was develop-
ed in our plant, end the main composition of which is
epoxy amino rcsin. The chericnl and physical propor-
ties of the corrosion-resistant coz2ting are shown in
Table 5 and Table 6., After application of the above
corrosion-resistant paint, thc life of water coolers
has been prolonged and the scales are not easily form-
ed, thus improving the heat transfer coefficicnt.

4. Enhancexcnt of field oporacion mapagement:

The field operation managenent was enhanced after
deternination of the formulations for chciieal troat-
ment and of the proposals for nicrobes control. The
opcration against process parrncters is not permissi-
ble. 3sSfforts wore nade to have the process parameters
qualified to the maxiiwum. It is very important to have
the P of recirculation water stabilized. The said ph
was ranged from 7.8 to 8.2 by using automatic controls.
It is also critical to introduce chlorine to kill bac-
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teria. Qualification is accepted if the remained
chlorine reaches a range from 0.4 to 0.8 ppm. Do-
sage should be performed continuously so as to avcid
occationally high or low content of dose in recircu~
lation water. The strict ficld management is also
an essential phase for improveaent of water quality,
otherwise the satisfactory efficiency of chemical
trecatment ca: not be obtained. We mounted the moni-
toring plates and installcd the heat exchangers at
the appropriatc localities of recycled water network.
The monthly monitoring rccords siould be collected
for statistics and the conditions of treatment nceds
to be studicd. Mecanwhile, attcontion should be paid
to observation and recording of the working condi-
tions of wator coolers during the yearly maior overe
haul, to thc determination of corrosion and analysis
of scales as well as to the photos taken for filec.

By doing this we shall be able to frequently get the
inforration on recirculation water treatment. If ne-
cegsary, thc proposals for trecatment may be readjusted.

Since the above four points were adopted, great
inprovement of the recirculation water treatacent has
been made, The ditferent results obtained at several
gstages arc shown in Table 7, Fig. 1 and Fig. 2.




Table 5.

Physical and mechanical proper-
ties of the coat{ng

| | CH 784
Itens Test methods & conditiong Unit |paint
e e 1{ e e —— e
adhesive i cireling krade 1
force |
shock inpact tester kg/cm? 50
resistance ’
clasticity | fleximeter :am 1l
hardncss i pendulun~rod durometer > 0.85
water soaking in ion-free % 0.34
absorption wvaeter for 24 hLrs.
heat** 200°C, 240 hrs. no cracks
resistance
heat resis- | dry 47°C, hunidity 96%, 1
tance under , 1442 hrs. ,
hunid condi~-
tions ‘
2 2 i o
temperaturei «180 ~ + 200°C
variation 8 cycles no cracks
heat cond. ? al/nz. 0.42
coefficient ' felinge.
i
| I
Notes:

* ~- The above tests were carried out in accor-
dance with ths Standards publiched by the

Miristry of Chemical Industry of the People’'s

Republic of China.
*#% —-"Film thickness 40 /m

**% e Film thickness 150-200 ¢m
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*
Tab, 6. Cecrrosion-resistant properties of coating

———— —

Tenp.
O Hedium Results
307 HCL, H,50, HAC,| No changes could be
95 ¥ 2 2" 44
- _H.,PO4, KO-, NaOH found in 224 hrs.
2% NH40H Uith a 4"th3
nagnifier,

ph of recirculation
weter: 8,2

30% H,80,, HCL No changes within
21 rconths

room P .
30 NaOH , KCH No changes within
temp, H3P,04, HAC 24 oonths

10% HCL, H,S0,, NaOH, Fo changes within
: ' ; 24 nonths
xcrosene, xylene

F

- ————— - — -r

Note:

* -~ testing stecl rod 15 x 150mm,

two layers of primer plus three layers of
finish #ith a film thickness of 150-2004 m.




Trbkle 7.

Coaparigon between the treatment formulation ond efficiency

|
|

Date Troatmeat formulations
Oct. phosphate,

1976~ | chlorine uscd for killing
June bacteria,

1978

Operation conditions
of plant

Working conditions
of main water coolors

The anmnionia unit was
shut down 3 tiues
due to the leaknge
found in the watcr
coolers. The unax.

Severe lsakage was

found in 115-c, 1l16-c
and 124~c with a ser-
vico tiac less than 1
year. 1ll6-c was dis-

duration of oporation carded with a wervice

lasted for 128 dggs.l

hosphate Qwiinc conpound formu-
1978 | 1

Feb,

| ing bacteria, non-oxidation typ
1960 ) gcrmicidus alternatively used.

etion)I, chlorine used for kill

The problen of cir+ Normal operation of

culation water did|

115-c, ll6-c and

not causc shutdownr 124c, no leakage

tize less thap 1 year, .

e}

March{pnosphate + zine coupound formu-'

1980- |1ation)1I, chlorinc used for kill-

Dec,

1980 Ipc garmicides altornatively used, _ e
Notes: 115=C is ucthonator outlot

ing bdacteria, non-oxidation ty-|

—

- ditto -

- ditto -~

gas cooler.

116-c 18 the intermediate-stage cooler of syn £1is compresscr.
124-c 13 the circulating stage cooler of syn gas compressor,

(to be continued)
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Conditions of water

— -

Cowrosion rate (MPY)

Date quality,corrosion ”
and fouling
nax. nonth average
OCté Water quality: black
}gze‘ Knd bad s?ells '
lot of foulirng was
1978 found in the water 21.8 ' 17.44
coolers with severe
corrosion.
Jul The problem of eorro-
197 sion and fouling was 4.66
turned better. !
Feb. |
1980 '
March ' slight corrosion and
1980~ | less fouling.
Dece < 5 . 3.91
1980 !

(to be continued)



Depth of local
concave spot due
to corrosion (MPY)

8.7




Date

- W e w @ .y

Conditions of cont:ol of mierodbes

anx. nunbor of
living becteria

1
i

average nunber 04

livirz bactoeria

application conditioms of gormici&;;

Oct.
1976~
June
1978

5.26 x 106/31.

4062 X 105/3110

delly consunption of chlorine: 500kg,
rcaained chlorina: 0.1 ppo.

Jul
197
Feb,
1980

1 x 106/m1.

2.38 x 10°/ml.

daily consunption of cldorine: 200kg,
renained chlorine: 0.4 - 0.8 ppn,

The non-oxidation type gornicides have
bean used for 36 timea3.

March

Dec.
1980

1980~ |

7.96 x 10°/m1.

2,07 x 10%/m1.

The nor~ oxidation typc gerumicides have
bcen rcduced for five times, and the
niecrobes wore controllod normallye.

-6t-




Conclusion:
Qe ———————

It 1is ixportent to guarentee the nornel opera-
tion of a nitrogenous fertilizer plant with an effi-
cient chemiecl treatment of recirculntion cooling
water. Attention should be paid to tho following
improvenents on recirculation water systen:

1) Microbos should bs strictly monitored and
oontrollcd.

2) The appropriate formulations of chendeal
treatment should be selected for diffcrent water
quality.

3) Corrosion-resistant paint should be applied
for the shcll side of c.s. water coolers.

4) Strict mansgeuent is rcquired for the field
operation.




Water passes through Water passes through
the shell side the tube side

Pig. 1 Corrosicn and feculing conditions were
found during the period from Cct. 1376

to May 1978
Water passes through Water passes through
the shell side the tube side

Pig. 2. Corrosion and fouling conditions were
found during the period from Cct. 1976

to May 1978







