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Researches Concerning Automatic Control Systems for Treatment

of Boiler Water for Marine Boiler

Introduction :

With the research subject "Researches Concerning Automatic Control Systems for Treat-
ment of Boiler Water for Marine Boiler”, the 57 th Research Committee was set up within
the Shipbuilding Research Association of Japan in April, 1962, and this research was put in
charge of Nagasaki Works of Mitsubishi Shipbuilding & Engineering Co., Ltd. and has been
developed by the same works since.

Although the boiler water treatment system for the marine boiler is manually operated
at the present stage, it requires a special technique. Accordingly automation of this system
would not only contribute to alleviation of engine crew’s labor and to ship’s economy but also
make it possible to control the treatment of boiler water with ease and accuracy; this is why
the above theme was taken up as the research subject of the said Committee.

While automation of the entire operation of automatic control systems for treatment of
boiler water is desirable, this is very difficult, for proper automatic control system and dete-
ctor for each component of boiler water are still to be developed.

Accordingly this research was aimed at tentative manufacture of the automatic control
systems for treatment of pH, PO,~ and dissolved solid in boiler water, which are deemed
typical ones of the present boiler control systems, fitting them on the marine two-drum type
watertube boiler at Mitsubishi Nagasaki Works and at confirming the performance of these
automatic control systems thereby obtaining the fundamental data for such systems and the
data for practical use of those on actual ships.

The experimental apparatuses used in this research are divided into the following three
parts as shown in Figures 5 & 12 attached hereto.

1. Boiler system :

The marine two-drum type water tube boiler, installed for the purpose of steam test in
the Fitting Shop of Nagasaki Works of Mitsubishi Shipbuilding & Engineering Co., Ltd., was
equipped with condensate system including reducing valve with automatic pressure contro-
ller, atmospheric pressure condenser, cooler, etc. as shown in the attached Fig. 5, thereby
providing the circulating circuit which makes it possible to operate the boiler even separa-
tely for the purpose of this research.

2. Sampling water line:

Three sampling nozzles were fitted in the steam drum as shown in the attached Figures 12,



13 & 14, for taking sample water from them as well as existing surface blow nozzle in steam
drum and bottom blow nozzle in water drum, totalling five sampling nozzles, which were
all provided with sampling tube and cooler. Stop valve was provided for each sampling tube
so that supply of sample water to the automatic control system and blowdown of boiler
water through the above five nozzles can be optionally switched over to each other. Velocity
of sample water and quantity of boiler water blow-down were measured by means of the
messcylinder, blowdown quantity measuring vessel, etc.
3. Automatic control system :

Automatic control systems for treatment of pH, PO,*" and control of boiler water blow
quantity tentatively manufactured for use in this research were fitted on the above-menti-
oned test boiler as show in the attached Figures 1, 2 & 3. Control method adapted for each
of these automatic control systems is given below.

3 1. Automatic control system for treatment of pH:

For this system was adapted the closed circuit control method in which the detector
continuously detects the pH value and electrically signals the detected value to the pH
controller which sends the deviation signal against the pre-set pH value to the chemical
feed pump for controlling chemical charge to boiler. pH controller with proportional actu-
ater and reset was used.

3-2. Automatic control system for treatment of PO, :

For this system was adapted the cascade control method in which the detector electri-
cally signals the detected values of concentration of PO,*” and boiler water feed flow
quantity to the controller and the controller sends deviation signal to chemical feed pump
for enabling it to give proper chemical charge to boiler. Changeover switch was provided
to make respective circulating circuits for control by concentration of PO," and boiler
water flow quantity controllable separately from each other; and automatic phosphate
analyzer, which functions every twenty minutes, was used as the PO, detector and
further the PO,*~ controller with the PI(proportional integration)conditioner was used.

3-3.  Automatic control system for controlling boiler water blow quantity:

As concentration of dissolved solid in boiler water is in approximately proportional
relation to conductivity of boiler water, conductivity detector was used as the detector
of the above system, which is aimed at treatment of dissolved solid in boiler water. Control
method adapted for this system is the open circuit control type as shown in the attached
Fig. 3 and the boiler water blow controller with PID conditioner was used for this system.

Tentative manufacture of the above automatic control systems for treatment of pH,
PO,*" and control of boiler water blow quantity, provision of condensate system on the test
boiler were completed early February, 1963. The experimental research by using the test

boiler started early February, 1963 and completed at the end of March, the same year,



Conclusion :
This experimental research is divided into two parts of preliminary and principal tests as
explained below.

1. Preliminary test:

A. Concerning the following three items, laboratory tests were performed and the concerned
data from actual ships were investigated in preparation for the principal test.
A-1. Test for selection of PO’ conditioning chemical:

Comperative test of Na,HPO, and Nay,PO, was performed to confirm whether PO,*"
conditioning chemicalaffects pH in boiler water, and the test results were obtained as
shown in the attached Figures 6& 7. As it was confirmed from the test results that
Na,HPO, hardly affected pH, it was decided to use Na,HPO, as the PO,* conditioning
chemical in principal test.

A-2. Determination of performance conditions for automatic control systems:

Limitative values of boiler water established by many domestic boiler manufacturers
are shown on the attached Table 1. As, however, there is a more or less difference between
these values and it is hard to judge which of them is adaptable for the performance
conditions of the abovementioned automatic control systems, the limitative value for
the 50-70 kg/cm? class boilers, established by Mitsubishi Three Heavy Industries Techn-
ical Research Group in 1963, was adapted for the performance conditions of these auto-
matic control systems in principal test. Performance conditions adapted for respective
automatic control systems are shown on the attached Table 7.

A-3. Co-relation between concentration of total solid in boiler water and conduct-
ivity of boiler water:

While the conductivity detector was used for the automatic control system for co-
ntrolling boiler water blow quantity, which is aimed at treatment of dissolved solid in
boiler water, the co-relation between total solid in boiler water and conductivity of boiler
water on the actual ship, was investigated to confirm whether such a control method
was proper, and the results of the investigation are shownon the attached I'igures 10-1,
10-2 & 11. It was confirmed from those results that dissolved solid in boiler water was
in proportional relatlon to conductivity of boiler water and thus the control method
adapted for this system is the proper one.

B. From the foregoing results of preliminary test was reached the following conclusion.
B-1. Na,HPO, is the proper conditioning chemical for use with the automatic control
system for treatment of PO~
B-2. As concentration of dissolved solid in boiler water is in proportional relation to con-
ductivity of boiler water, it is proper to use conductivity detector for the automatic con-

trol system for controlling boiler water blow quantity.



2. Principal test:

A. Experimental research concerning the following five items was performed with the test

boiler as shown in Figures 4, 5 & 12.

A-1. Test for confirmation of the distribution of concentration of boiler water was per-
formed for determining the boiler water sampling positions, and the test results are as sho-
wn in the attached Figures 18-23. As seen from those test results, the concentration
of boiler water at the surface blow nozzle in steam drum is lower in value than those at
bottom blow nozzle in water drum and near the boiler water conditioning chemical (boiler
compound) charge nozzle. As, however, such a degree of difference in concentration of boiler
water is a negligible value, it is considered proper to sample boiler water from surface blow
nozzle or its neighborhood partly from the reason of complete prevention of carry-over.

A-2. Study on the method of sampling boiler water:

Test and investigation were performed as to the co-relations between the velocity
and contamination of sample water supplied to each automatic control system and each
detected value by the automatic control systems and between the sample water tempe-
rature and each detected value, and the results of those test and investigation were
obtained as shown on the attached Tables 20 & 21 and in Figures 24(1), (2), (3) & 25. Those
results indicate that the velocity and contamination of sample water does not affect the
detected values of pH and conductivity. Considering, however, the time lag in detection,
soil of the detector due to long-time use of the automatic control systems, etc., it would
be advisable to prevent contamination of semple water and to keep the velocity of sam-
ple water at about 40 liter/hour. On the other hand, as the temperature of sample
water much affects the detected values of pH and conductivity, the sample water

temperature should be kept constant around the neighborhood of cold status.

A-3. Study on automatic control system for treatment of pH and PO,”":
A-3-1. Study on the method of automatic control of pH:

Test was performed for confirmation of the performance characteristics of pH auto-
matic control system, concentration of pH conditioning chemical, characteristics of pH
control, etc., and the test results are shown in the attached Figures 26-30. It was con-
firmed from those test results that there was no problem with practical use of the
pH automatic control system and proper concentration of pH conditioning chemical
was 2-3%;(wt).

A-3-2. Study on the method of automatic control of PO, :

Test for confirmation of the performance characteristics of the PO,’~ automatic
control system and phosphate analyzer, etc. was performed and the test results are
shown in the attached Figures 31-33. From those test results it was confirmed that

phosphate analyzer and PO,*~ automatic control system performed as expected. As,



B.

however, the PO,*” automatic control test could not be done due to remarkable soil
of phosphate analyzer caused by contamination of sample water. such test and study
will be continuously done in future. Further that as the phosphate analyzer takes the
detecting time of twenty(20) minutes as shown in the attached Figures 31, it is not

proper to use it as the detector of this automatic control system.

A-4. Study on the method of automatic control of boiler water blow quantity :

Confirmation test of performance characteristics of automatic control system for con-
trolling boiler water blow quantity and the boiler water blow automatic control test
were performed and the results of the tests were obtained as shown in the attached
Figures 34 & 35. From those test results it was confirmed that this automatic control

system is suited well to practical use.

A 5. Performance test of all automatic control systems:

Attached Fig. 36 shows the results of performance test of each automatic control
svstem. Although it was confirmed from those test results that respective automatic
control systems for treatment of pH and control of boiler water blow quantity per-
formed as expected, we regret that satisfactory results could not be obtained from the
perfomance test of automatic control system for treatment of PO, due to rema-
rkable dirts on the phosphate analvzer used as the detector of this system.

From the results of the foregoing principal test was reached the following conclusion.

B-1 Sample water to be supplied to automatic control system for treatment of boiler

water should be taken from the surface blow nozzle in steam drum and its neighbor-

hood.

B-2. Velocity and temperature of sample water to be supplied to automatic control sys-

tems should be kept constant respectively at about 40 liter’hour and at 25°C and con-

tamination of sample water should be prevented as much as practicable.

B-3. In case NaOH is used as the pH conditioning chemical, its proper concentration

is 2-39,(wt).

B-4. pH automatic control system is suited well to practical use.

B-5. As the phosphate analyzer used as the detector of the PO,*” automatic control sys-

tem is demeritous in its incapability of continuously detecting the cencentration of
PO, it is necessary to develop a proper PO,*" detector for this automatic control sys-

tem.

B-6. There is no problem in particular with practical use of automatic cantrol systeun for

controlling the boiler water blow quantity.
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Table. 2 Object of Establishment of Limitative Value
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Table. 3 Example of Marine Boiler Water Control

KA 7w | R 4 5 *
B SRR TN i
% pw.T Jﬁ%ﬁﬁgi%lﬂﬂ%ﬁ% -] I(CaLOsppm_) cl ‘ PO i SO B $i0y | Fly | Cur-
(3352138:'} C) [ T/H I;J_'-;IE"Pg%’(PPm)|@Pm)§(ppm)_ (Prpm)- (v) (PPm)|(PPm) (ppm)
(1) | 46,700 | 42.2 | 454 41 0 O 0 0 0 0 ! — | 0 — o | —
| , oy |
(2) | 46,000 42.2 454! 41 0 0 | 0 0 0 0 e T |’ 0 — ! — =
— : — ! . _—— - ————— —|—_ —— =
(3) | 32,200 42.2 ‘ 454 | 33 ‘ 0 0 | 0 0 0 ‘ 0 { == 0 — | —

|
45442.6'1'0 0 0 0 0‘— — . — | — LIS

(4) 45,000 42.2

I P L _—.—
(5)'40,500!42.2 sst| w lo]lololo]o - |=| = | = —;—

Note: Items under measurment control are marked with 0



Table. 4 Chemical Compositions of Boiler Compounds

r 4 i el ' ey N . o
ﬁg?}jﬁ = > L R T \ pH | Na NaoH PO, | CI NaCl| CO: N%3o SO Ko ¥
| 104 E Gg/b 50.7 229 1.5 0.0
A | = ) SRR (N,
L 108 B Ge/D 2. ‘ 0.3 0.0
‘ Alkali 850 ?;u] £ % 27.76 Fi* 1.50| o 69.76 0
B - .
Non Alkali $850|§ = %ﬁ | g Exw 1 1.17| o ‘31.00 4.14
LI ! | S
! Ph“zl’l‘;i;‘; () | ISR 17.5 82.70 0 | |
C | S = ) —r R 3 — i —
‘ Na,COz (B) FBfa¥ik — 0 98.0 ! \
= e ¥ i I = s = e S—
Metephadium A | TLEEPR 23 ‘ | ‘ 68
D | [ I | : =1
‘ P v | i S ‘ . 0.26 ‘ 40

2-1-1 FhiABEH
(1) PO~ %7 A BR
(2) pH, POS~,| 7w — HEHEEERE O ERS O PSE
(3) KA FKOFEMEY I E L IR OB
2-1-2 £ # B
(1) ARRLKERRAL o PE
(2) aAEKERIOTE O BRE
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(5) Al i o YRR O HERR
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PO#~ FfsAI L LTiplicEEs R shTv 5,
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MEENCIHKELT b Y v A, POS” HMAIL LTI HE T MY VAT RREERET MY v A
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L L=, =T R Y a3vFhtF4 Fko POS™ & pH & [ARHICLE(LT 5D T POS”
W O REMANC X > TRARBIC BT % pH, PO ik Higic 22 LA TSNS,
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Table. 6 Conditions for Selection Test of PO*~ Conditioning Chemicals

pH fii B ' .
NaOH iz X b 6.8 C o 9.01 10,011 10,55 (1.11
PO& FEE e [
sE B (NaOH - Oppm) (0.41) @1 (14 (52)
No. . (ppm)= | 8 e i . L
1
10 10 10 10 10
20 20 20 20 20
1 NasPO; « 12H:0 30 ‘ 30 ! 30 30 30
' 40 40 40 40 40
| 50 30 50 50 50
= = 10 10 10
L 0 20 ' 20 20
2 Na HPO, » 12H:0 |
- - 30 ! 30 30
] . . 40 !l 40 40

W (1) [EEE— NagPOy, 12H,0, NasHPOy, 12H:0 {2 X D PO#- 1000ppm [li % Ji%E L 2 & &t
HEDFS RS G ST IR L7z
(2) PO gl x JIS £ ) 77 v HBHKRC XV F=v 7 Lz,

Table. 5 Classification of Boiler Compounas by Chemical Action

E-3 #l
¢ H e
% i 24 F K
pH 7 Y BEiRE L kEEEF RV A (A Y =) | NaOH
ek, KA FKDpH, T BT rY oA (V—FK) NasCOs
B L, WA ) |
A —EBiIET %, DI TFRY UL (B3 Y vEBEY—H) NayPO,
YyEE2F Ry TN GB2Y VY —H) NasHPOy
DL RN GBLY VY —-¥) NaH,PO,
| NZFRAEY VBT MY YA | (NaPOs)s
i 1k KELF PV T A (B4 Y —F) ‘ NaOH
RA T IKOWBERT & A HEF Y UL (V—-FK) NaaCOg
Hon#, ThbbAav b
%ikgz#wvmﬁﬁ& VoRE3IFRY YA (BB3Y VY —H) - NazPO,
) DUEE2F FY DL (B2 vEEY—F) NasHPO,

YURELFTRY L } NaH:PO4
WA Rk I



(2) pH, PO# 7w — qElEE R OVER G E o g

AR T 2 KA F 34 —EUMOTERAS F LT 4 —EVROFEIAAS FiIc KBS 525, BF
iX 16k/gem?® {RUITFREDEERS 7 TH 5, HLARXAWEEMBHY, F—ErHoFELFTLL
TE XK 60kg/em?® o HBIASPHEE NS Z L 35 Table. 1 =B =B THINIFESEA 78KkFE

TN VEFRITA (FAILEEY—F) NazAlLO,
FABET RV OL (FABY ) Na,SiOs
v Fw S
WIETTm—LX38| | Fv7 v (CeH1OS)n
| 2RFIC L, Ay —-3E
\EHGIET %, - HELH
WA THRAIILEY
B & & ‘ HfiEET bY UL Na,S0s
(ﬁ%@gﬁﬁ%ﬁéaﬁb) L ” NaHSO;
g EFIoy NaH,
R =
B A A Ll . HERF Y UL NaNO;
UINE. Sl W/ |
e A
Y=y
74— 37k RYTIF
BRARN B D { = 2 F v
Fm— )

B &0l5E 0 50~70kg/om? HkHERA 7 HIBE 2 1T LCARBIC 51 5 K4 77ko pH, PO~
7w — il %1572 5 T LIz Lz, Table.6 iz Z&ABRIC 3317 % E WY BIEE R o fem) B B 2 75

Table. 7 Desirable Performance Value of Automatic Control Apparatus for
pH, PO~ and Dissolved Solids,

pH il L% PO~ il ik 7 v — il sk
pH PO~ (ppm) TBEMEIEY
10.5~11 . 10~20 , 400 PIF

) TOX)EHERS 7 23F L LicHEhR—R M L U CEE
A 7 OERIIBERA 71281 2EMORME 5 F Tl 52 L
by TERRA 7 ORA 7 KGR FEROBRIC X v 2 BRRic RS
MACHDZ Lick B,



(3) KA FROEMBEYELEE L BRRME OB

TN BT B KA TROBEMETY 2. F A4 FKEAMBEBKEEEZNEL Z o ific @2k
factor % F U CHMEIDMEZ M L. HMRERYSHIRM, BREEE Z X 2581 K1 7KE
WAz T e —F B, FATKERAF—LA s av A A—F -0l 7 v — LTHMEEYOIHEX 20
2%5%, Clm Z2REFTATLICLY Te -0 CREHET S LHFIC XL )V EHTZONRETH
%o

B2 RFA T KOEREFDNIRRED QB EHFFRIC S ) Fig. 3 1[2/iR3 T & { BRIRME 2 HRH
L 35 BT Z LM Lic,

AHFR OB REBEI M B LB OREN— 0B IR L LRI T2, BEL
HOALIE OBAEGE Table. 8~9 JL0X Fig. 6 IC7R = & < HIEOTEIC X » THS 0T, KIFHETE
#HFH—F{LEh TR CERHOoRREEYERYR2OBREBELTRC LV —mtTsT LiX
IR TH D, —IAKNERME, BHEESEH—T 52 L2 ThiE, K4 70EFKR

Table.8 Specific Conductivity of Aqueous Solutions by each Solute.

A 0.1 1.0 5.0

i Hii&é | 10 | 50 100 | 3500 1000
meg/ ! 2.74X107% | 2.74X102 0.137 0.274 1.37 | 2.74 | 13.7 27.4

HC1T | 18°C 1.043 10.42 52.03 103.9 515.8 1026 = 5036 | 9949

25°€ 1.167 11.65 58.14 | 116.0 576.4 1147 | 5621 11100

meg/! 2.5X107¢ | 2.5%X1072 0.125 0.250 | 1.25 | 2.50 | 12.5 25.0

NaOH 18°C 0.543 5.425 29.03 54.00 | 267.8 | 532.2| 259 5115

25°C 0.619 6. 183 30. 84 | 61.58 | 305.5 | 607.3 | 2963 5820

meg/! 1.71X107% | 1.71X 1072 s.ssxm-zi 0.171 | 0.855| 1.71 | 8.55 17.1

NaCl 18°C 0. 1860 1.850 9.251 | 18.45| 91.14 | 180.7 | 837.8 1713

5°C 0.2161 2.156 10.75 ‘ 21.44 | 106.0 | 210.3 | 1018 | 1996

meg/! 1.32%107% | 1.52X10°2 | 7.6X1073
I

~1
o
p—
i
]

0.152 0.76 1.52

16.63  8.124 | 159.6 | 746.3 | 1426

NasSO; 18°C 0.1689 |  1.683 8.352 |
25°C 0.1970 1,964 9.751 | 19.41 | 94.92 | 186.5 | 870.2 1667
meg// | 0.203 | 1.02 | 2.08 | 10.2 | 20.3
NasPO, 18°C |
25°C | 25 125 | 250 | 1210 2260
S — =—n— = — it = — | =
meg/] [ o 189: 0.944 | 1.89 | 9.44 18.9
NasCOs 18°C 20 106 205 | 913 | 1700
25°C | | 23 110 227 | 1020 | 1960

¥ IC.T XU Landolt Tabbellen @ MRAEOM Y b BH L,



Table. 9 Equivalent Conductivity of Ions in Infinite Dilution

i i e I 1 oo
£ & v - S BE— L ot % e | )
| 18°C 25°C 18°C ' 25°C
H* 315 349.8 | OH- ll 174 200
Na* ‘ 42.6 50.1 ; c1- 66.3 | 76.32
K* - 63. 65 73.50 | Br- 68. 23 78.4
NH,* ! 63.6 73.7 NOs- 62.6 71.42
1/2.Mg2* | 44.6 53.06 HCO; 44.5
1/2.Ca? | 50.4 59.50 | HyPO,- 28 36
1/2.Cu?* | 45.3 56 .! HS- 57 65
1/2.Fet* | 44.5 3.5 | HSO0;" | 50
1/2. Ni?* ' 43 53 'l 1/2. COg2" | 60. 5 ._ 72
1/3. Fed* ; 68 | 1/2.HPO2- 57
1/3.Crd" 67 ' 1/2.502" | i 72
1/3. Al | ' 63 i 1/2.502 | 68.7 F 79. 8

¥ BRKEEO K=10-3 Xnl
HL K : H&EEE (pv/cm)
n : KIEWHEERA A O BE B (8 4&/1)
1 AKIEWHERRA A v O M MEAE (v em/g 40R)

MBIC 1T 5 KA ZKOFMEFHELRE—ZORCEHESIS LBbh 5 0O T Rl AR
D¢ TFHERD,

DX 5k SR BT 3= Z0Hliz ov THMREIY &L BRIERE BRI >V THE
L. Bxof@EsRod G2 R 52 Lic L,
2-1-2  PiiABER

(1) PO® FRsgrgEE BRI b OIC i

Table. 6 ORERRMIZ T pH fic FUE$7KE(LF bV ¥ A, FHE=88ET b Y ¥ 20 R BIGR
W= TilEE L. Table. 10~11 (X Fig. 7~8 O §:E & 37,

Table. 10 Relation between pH and Concentration Table. 11  Relation between pH and Concentration

of NaOH and NazPOy+ 12H.0 of NaOH and NazPOy+ 12H:0 NaHPOy

. POJ" i | = PO-|
- (ppm) 20 30 40 pH (ppm) 49 20 30 40
4] S A 4 o Rplf

6. 8% 10* 10. 35% 10. 6* 10. 78% 10 10 10.10 | 10.10 10.05

9.0 10. 16 10.5 10,7 10. 86 10.5 10.45 | 10.55 10. 55 ! 10.45

10.0 10, 48 10.7 10. 84 10. 94 11 10,9 11.03 | 10.95 10.90

10. 55 10. 84 10. 98 11.08 11.16

£ = Hljx NaOH: 0O



mggmﬁﬁgm;auyﬁmﬁﬁmﬁfapHﬂﬁ?&%ﬁ,:@ﬁm&ﬁéft<NmﬂL&
% Na,HPO, 0. 1mol ##&® pH {fiix Na;PO, 12.1 Na,HPO, 9.6 REETH 5, DT b HIKA
ORI RY = L { NayPO, 12KA F/Kko pH % LR &, Na,HPO, i34 7/KRED pH
BTz A Y pH lIcRERIFS VT ARSI S,

Sz 1 NaHPO, A T K4 5 NIc BV TR, $0n ic kb, POS” AAHitshd
L NaoH #4U T=Xkiic pH FRE¥ET L0 LEbhB, ThEERINCHD S 2 & 3IFH
REETH B O CTAYIE TIEHITF L,

BBHHSA T T F U Y A2 3RS LT 588N O Na L PO, D EVILR—ETE Vb
ONRBVOTESWEY —FO X Hic pH {HickERHEERHOLOOMHic v TR LR LY
Na bt PO, 0ENEEF =9 7 T20ENDD,

(2) KA 7 KOFEREICYELRE L BRUREE O R

FMTARLAG R & CITBRES

5 — € MO MIBIIC 3313 B R A FK O h F A0 WAL & HRETRYR LR & S K L
Table. 12~13 (¢ Fig. 10~11 i+ #5582 872,

GO A ORI A A FREROEEARBRICAELOTH S,

2. GBI ENMSHETOr S Ty 7 XV BRELDTH S,
T 2B B ARG L BB oW TR 5 L TR T TH D,
o) HRERYERE L BREEEO X
MZEDEE 1 1 581 7 OFH(H0.30 2 5KA 7 OF-EIH0. 29
MY DEE 1 1 BF 4 7 ONIH0. 37 2 5KA T D00, 41
BT I Y MRG0 D DB Table. 12~13 Oidikd b 1535 T & { £10% TH
Bhe
@) HAMEEDILE, BRIEME, PTAb ) officix—Eo bRk D 5.
¢y pH IR 3ITHBOREAICEHE Y B IR o

WDOFFIL AN IS8T 2 FA 7 TRKNB R ORI & A L < 3 28R R A A 7RO GHEIE
YL BE (MO MIC I — RO LFIEESAS Y, LrbEohRA—ThsZ KT 2 L0 LM
RENB, 727 LREG)OHA 0. OHc 0¥ & £ L T 358, T RPERERBO A THRA FK
BWEN L, 25K4FICL VR nEEbRS,

0N pH MHEMETGYLEE, BLA(LHE, P Ad ) oBickEL RSV HZRL
TV HHEEE RS FRPCEET BBEEME2RTA A v (o b 2 E3HEA 4 ) oY ic pH
A A VBRI TRENDZEIZEBLDTHS ),

B CIC B MBI eItk Vo iiBT3 2plick Y olc, TOREOFFICHRAFRA
7 D FA KA OEMIEIZIE L WHEOMRIC >V THIARERD 2 Z LRRHOEL VL H A,
PIEORBEEEL S S XL ER20MiRIBETYEZF2 b0 bR S,

RBAR OV TIRHIFES HITH L OERFA TRV THRAZITRV, B2 0K URRIFTIC
B D HA FKOGEWE L E L BREOMEBRERD I TFETH D,



Table. 12-1 Relation between Conductivity and Concentration of Dissolved Solid.
it % (@ ¥ DW.T. 32,200
R4 7HE  BMEBHOEY), EE IR, Bk
42.2kg/mm® 454°C 33T/H

“““ S e I BT e s

‘ ;f;bmjﬁ | @ i uia [H?% Sk = Alkali Alfl‘::ﬁi

pm "5 [ |PPR| mﬁnaﬁ[,@m& p | | AE B B ges0 |t |
_\‘[ _’__1___ T T T T BRI [l w2 Ri%
10.5[100‘443 8 6.0 380 11750.32|?.30 5°00° ] |
10.5 | 9.0|44.8| 77 | 7.0| 370 185| 111]0.30 8. 2| 17°00° | [
10.6 | 9.0 44.6| 81 [ 7.0 390[ 195 17 0.30 | 8. 3| 17°00" |
0.5 9.0(48.0] 77 | 7.0| 75| 185| 11029]8 4 1vr00| | |
105 9.0(48.0| 77 7.0| 375 185 | 111 ]0.29| 8. 5| 170" |
10.5 9o|432 76 | 8.0 350 180 | 108 0.31[8. 6| 17°00"
10.5 | 9.0|4s.6 | 77 8.0 345 | 172\ 103 | 0.30 | 8. 7| 17°00°
_13.4_[ :J-.O_‘ ;3.4': 0 _ss_.o_i gl 165 l 99 0.31 | 8. é"\ 17°00" | [ | i
10.4| 9.0 38.4| 72 | 6.0| | 160] 3‘81‘3’30 8. 9| 17°00 | | B
- | ' | | | | 8.14 | 13°00° | 0.152 0.112 0.022 8'1)}_,.,{3%00’
10.7 1 12.0 64.8 | 104 | 9.0 490 | 232| 139 |0.28 | 8.15 | 17°00" B
10.7 | 12.0 | 63.2 | 102] 6.0| 490 226 | 136 |0.278.16 | 17°00" |
10.712.0 | 60.8| 98| 6.0| ass| 220 132 0.27 | 8a7 [ 17o007| | |
10.7 | 12.0‘60.8‘ 100 | 6.0 483 | 225 135 [ 0.28 8.18 | 17°00" | ‘ |
‘107 [12.0[60.0[ o7 6.0f ar2| 225| 135[020(8a0| 00| | |
10.7 | 12.0|58.4_\ 07| 6.0| 468 | 225 135 0.2 | 8.20 | 17°00" | | _
10.7 [12.0 | 55.4 | 98| 6.0| 465| 220 132 0.28 | 8.21 | 17°00" | !
10.7 | 12.0 153.6| 95| 8.0| 470 220| 132 0.28 8.2 | 17°00°
10.7 | 12.0 | 56 | 98120 l 475 | 235 | 141 0.30 | 8.23 | 17°00" | .
10.?[ 12.0 | 54.4 | 96| 10.0| 475| 235 | 141|0.30 8.24 | 17°00" | [
10.7 [ 12.0 [ 56.0 | 96 [10.0| 475 | 235 | 141]0.30 | 8.25 | 17°00" | |
10.7 | 12.0 | 55.2| o1 1.0 475 | 235 | 141 0.30(8.26 [ 17000 | | |
10.7 [ 10.0 | 56.8 | 92 |12.0 | 480 I 236 | 142 ’ 0.30 | 8.27 | 17°00° ' |
0.7 10.0 | 55.2 | 95 [12.0| 480 | 236 | 142 |0.30 | 8.28 | 17°00" -+ B

e R R il

BT



Table. 12-2 Relation between Conductivity and Concentration of Dissolved Solid.

P— — — = i =

; = = AFEER WEHARLC
Eﬁ'ﬁﬁ': T | IEEAEEA AR (kg) | 20000
TNAYE B e | Non
2 et |—}£— - - [E43 B/A HP*EH W 1 ggeo (Alkali |
= | P | m |P® Fhm‘lmfu& ppm | | #850 | 3850
B W .33 1ol 1o NaSO:[7.26 7°00°
S | ) TR | ! s 7.19 Tl 0.2 | #A
1oo|1uoj4;z[sa.7.0]385’200!12 031|730{ '°00'[ |
ias_!__90|443’30 70‘3?9' 185 | 111 ] 0.29[8. 2 [ 17700

10.6 | 90[480[ 80 [ so[ 398 193’ 117|029‘3 3‘ 17°00"

10.5 | |
10.6| 9.0(48.0] 77 | s.0| 390 187 112]0.29 |5 5| 17%0" |
0.5 9.0 47.2| 80 8.0[ 365| 185 111]0.30]8. 6| 17°00° |

9.0 | 48.0 | ,7}8.0[390 187-: 112[029|84 000 | 1
|
|
|
|
|

10.5| 9.0[49.2] 80 | 8.0| 372| 180] 108]0.20 8. 7] 17°00"|

10.5| 9.0 |46.2| 80 | 7.0| 400! 190 114]0.28 8. 8 | 17°00

| |
i il I' - : . 8.11
10.6 | 9.0/46.2| s0 | 8.0 00| 100/ 114]0.28 |8 o] 17°00 [ A3
g0 te T | 84| 130007 | ‘ j —3.1;_}_.2_3;&00'
10.5 | 8.0 48 | 80 7.0] 60| 166 99 | 0.27 | 8.15 | 17°00" | |
10,5/ 8.0/ 48 | 718 | 9.5| 365] 170 | xozlo.zs’s.mf 17°007 [
10.7 | 12.0 | 54.4 | 98 9.5| 425 | 200 120]0.28 8.17 | 17°00° i
10.7 _;_2.0_[-5?.6:100 10.0 | 450 | 212 | 127 | 0.28 | 8.18 | 17°00° | |
10.7 [ 12.0 | s6.0| 98 | 10.0| 450 212 127 0.28 | 8.19 | 17°00" |
10.7 [ 12.0 [ s6.0 | 01 110.0] 450 210] 126 0.28 | 8.20 17°00°
10.7 [ 12.0 [ 51.2 | 88 [10.0] 475 ] 200| 120 | 0.25 | 8.21 | 17°00"
10.7 [ 12.0 | 53.6 | 95 |12.0| 455 200| 120]0.26 | 8.22 | 17°00°
10.7 [12.0 | 54.4 | 92 [15.0] 445 | 200 132 [0.30 [ 8.23 17°00 |
10.712.0 | 52.8 | 92 |15.0| 425 220] 132|031 [8.24 | 17°00" |
10.7 12,0 | 55.2 | 94.015.0| 425 | 220 132]0.31 8.25 | 17°00°
10.7 | 12.0 sa.4 | 90.0015.0| 425 | 220| 132]0.51 8.26 | 17°00°
10.7 [10.0 | 56.8 | 91.0{16.0 | 485 230 | 138 [0.29 [ 5.27 | 17°00" |
10.7 | 10.0 | 55.2 | 92.0016.0 | 485 | 230 138 0.20 | 8.28 | 17°00° | S am

=SHEf 2



Table. 13 Relation between Conductivity and Concentration of Dissolved Solid.

#z6) Mgk D.W.T. 70,000
FATHEE  GAMBEDG@Kg/cm?) EMARHIERE@SY) BAEFRRGAST/H)

1 | = i

] =

| TIhYE AR ﬁﬁﬁ% it
pH POy pp_lm Cl Fa I ppm" B/A
PP p | M | PP pm) s | ® |
o _ | | T
10.85 | 30 ‘76 ’1% 6.7 462 277 \1% 0.36 | TG R AR RIS
o R TS ) e | PR
10.9 25 | 14 106 o 455 270 162 0.35  Metaplrodium
| | L | N
| .
10. 85 20 ‘ 76 \ 108 | 6.8 518 i 275 165 | 0.32
| | | =
11.0 20 | 34 90 7.6 350 | 232 | 139 | 0.42
|
10.9 20 | 72 94 6.7 i 304 | 249 | 149 | 0.38
| | [
10.9 25 E 68 102 ‘ 7.7 ‘ 400 | 258 ! 155 1 0.39 i
11.0 | 25 | 68 98 } 7.7 406 | 261 ‘ 157 ‘ 0.38
11.0 \ 25 ‘ 66 98 | 6.7 400 | 261 ! 157 | 0.39 |
| | | S
| . | | 0.37
B |
2 G il
| i il
10.7 25 72 102 4.8 447 ‘ 208 ‘ 179 | 0.40
= | O
10.8 25 68 100 7.8 447 | 293 ! 176 | 0.39
10.8 20 76 106 \ 6.7 | 507 300 | 180 | 0.35
|
: ! |
10. 85 20 | 46 74 6.7 | 360 232 139 | 0.39
Al | o
10.9 20 | 50 78 | 5.8 363 : 240 [ 144 | 0.40
. | [ | | | | |
10.6 30 46 80 6.7 | 336 250 150 | 0.44
. T - T '
10. 85 ‘ 25 | 54 30 6.7 340 ‘ 250 150 | 0.44
sEl] | ol - i
|
10.7 25 50 80 | 6.7 338 258 155 ‘ 0.46
| ] |
| | | | | i
| \ | 0.41
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Table. 14 Experimental Methods for Determination of Sampling Point of Boiler Water.

5 5| z &

BB OE B (RS T ARMANOBIERTEIE | F4 5 AT, SRR 2R R BADEAL Tk
WA % T 5

at B K R I 6r @ ‘ (DFEREES QKFFLTn—~NE QBRFS27 e —P%

ABHARAS 7MERMG | PAEGS—F 248 QULARA—F3ER QB —F 34, ZEH25kgemG

MRVKIRIGHE, W | S0UH  20~25°C

# B ¥ % ‘ (1)NaOH  (2)NasHPO;- 12H,0  (3)NasSO;

i W W H | (pH (2)POs- (3) WA

' BA 7% Y AT 25kg/em? G A—F 2 KT THEE L, NasHPO, -« 12H.0 0.9% Solu
1 KU NasSOs 1% Solu # Ml AR USRS LRIz 3513 2RI K 2 100 I 4gI L
| EHIEL I, (EMET m — it (0.65%, 500//H) ik pH

* FA T AT Yoy FEH2Tkg/em? G, A= 374, #4/K pH 8.5, M2, 7pv i~ n

2 — (0.19%, 210{/H) NaOH 50g, NasHPO,+ 12H,0 250g, NasSos 300g # #3 /KA
£V 1IRFZHA L103§IC pH, TR % 3H
& — o
KA 7806 ey FEN2Tkg/em? G, S—+ 3K, #7KpH 6.9, WlE 3.8, lse7 w
3 — (0.21%, 200//H) NasHPO;- 12H10 1500g $AKAT L 0 £ A, pH POS- Blng
% [ Gty FrEpREA255 8 pH BEf11 L LT NaoH 1%, Soiu % auto jEA
| BA FHM Yy ES26kg/cm? G, A—F 34, K pH 7.2, WMEE 6. Opv Tz,
4 TR ST, BHBUBERA20/3#Ic NaoH 3.5% Solu K7 X DiEA, MiEL®
5

BIEOBALIRI & HeMB. GE)MFE T v ~0.25% (2281/H)

|

[ FA 7 AT Yo FEJ] 26kgem? Gy /3~ 3K, #/Kk pH 7.2, WBA60ps, Mfk S n
| 5 ~ (0.38%, 300//H), NazHPO;-12H:0 4 % Solu, NaOH, 3.3% Solu fEARIZ
| B3 5 WHERILE 1,

|




5XHIKEELTV S,

= OETIFA T AN E AT LA bl TE 2 LBbID A, FA FKEFERROIIEH
ERREANELETY H B0 T, KA FHOKMEICHT 5 KA T KEMENE O BT & RERINIZHED
pH, PO~ 7w — ABlENC 317 % BodA kKRR B EZ RET 5 T &2 L.

AL b T iEX Table. 14 127R 3,

(2) ARBRAIRECT OGS

— I B SO BB LEEICR LTS3 b0ThH D, Lt - THRL FKOEHZ [
BINCFTIE 5 WA AL T IO UEL I FoT0H L8 5 MK O EARETH 5. HEUC
EERIKECGH G X D BHHIBIc T 5 T oRREER CHHEE LR & D RER O BIEDRL % TORH
ERENEFL0C, FAOWMEZBLLE LTHL, ZOMERETTECTREEL T ERARAIETH
%o L LEA INERORE, b5 HEA FRKDPHBMERO—ERIF TS Y . K4 THIC
B BEA FREIP 2RISR S B VEAIZR I ORELLERICRETH S L TH
éﬂ%m?\HM%mﬁM#aﬁﬂmmm47m@mﬁamﬁL\L#%&&%@ﬁ&%ﬁ(t&i
AR OB, YR, HES) MR 5% bR R HIEGRBEETE 5.

ZO X5 aRM»S pH, PO, 7 m — EHERHIEIC 517 5 SRR 7 & Table. 15 © 75

Tabie. 13 Experimental Methods for Determination of Sampling Conditions of Boiier Water.

IT-{ H 2 =

o B oW B ()BRKeREE & B o BaGR
(2)AE TG St & it i oo Ba 6%

Ak K £ W AL *ﬁmb?kiﬂ s

RBRAFRA 7 EERI | AR, ) 26kg/em? G, S—F 3K

3 OF} FE EL i s | Base 36//H (1)364/H (2)72i/H (3)86//H

2O & oBom | OREUKEROEE (2)No.5 A PRI T (3)No. 6 (Al

B K 5 2 B R ?%ﬁ&&ﬁm74w5wurﬂ$@§ﬂ$aum%ebmgﬁmﬁmﬁaoﬁﬁ$m
Bifiic X ) R 5.

$ W 0 H B pH WM

* ERFT AT m—RECA—OREKIHE L 2 KD 2iF 1 4 # 361/H —i2 i i
& 1 Ly fli0 1 AOdidiE Lo = b LBz B a0 pH, BHEOHE FRHNT 2.

% ZoEgEEKZFALEVE AT 5,

P i T 5
| 2 | E—BEKOE R R -8 3 BB T pH, TREOME HUKET 5.

I, JEHE G REOEE T ﬂ&&ﬁﬁ Liz.

— g —



I X YV EBRICED D Z Lic L,
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KA FKD pH 3RS 7B X0 Z0MMAHO B EZH LT 2 2wicHlllE h 5, K41 7k
X pH B VEVIICHZ LHANEY B T pH EXRNZBLATHEY SN S 5 &,
—RRITHER RO PR A 70 ) RE S B Y BRABRICET v oh Y B, R SHRaE AR
EESETRAN D B, ZOXIHREEI L FA FKD pH ZED &I AN TERT 5 Z
ENHEENRBNTHS,

Table. 16 Experimental Methods as to Confirmation of Performance of the

pH Control Apparatus.
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Table. 17 Experimental Methods as to Confirmation of Performance of the

POg*- Control Apparatus.
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Table. 18 Experimental Methods as to Confirmation of Performanee of the
Blow Control Apparatus.
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Table, 19 Test for Confirmation of Parformance of all Control Apparatuses,
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Table. 20 Relation between Sampling Velocity, pH and Conductivity.

1 1 - _ 2

wman |y | v |G | MO en  RERE
1 36 1.1 308 36 10.3 i 307
2 Z 10.3 375 72 1.3 | 375
3 ” 10. 2 390 86 10. 2 390
4 2 0.1 413 100 10.1 | 405
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Table. 21 Relation between Contamination of Sample Water, pH and Conductivity.
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