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Al203/hour which 
full capacity of 

at the same time - represents the 

the plant. He~t enere;y supply to the tube 

digestion 
digestion 

operation 

the field 

is assured by the existing boyler-house allo-,...ing 

tenpe~ature of 260 °c. During the 6-year 

Aluterv-FKI have gained reasonable ex~erience in 

of the plant operation and the technological and 

raechc:nical maintenance. 

In the last years, the facilities being in operation at the 

I-10TUI ttORKS were visited blr and int::::-oduced to the experts of 

Zhen.;zhou Aluminiu.-n Complex. 

Development activities in progress at present. 

DAZ (Soviet Union): Experiments to determine the abrasive 

effects of diasporic bauxites. For this purpose tube 

sections of different diameters were installed in the system 

(similar to M04 heating ele~ent) providing possiblity to 

determine the extent of abrasion at differeent flow rates. 

These experiments have been caz-ried out since February of 

1982. 

Ajka (Hunga~;): The size of the tube digestion elements 

operating in this plant more than two years is suitable for 
digestion lines of 150-200 tpy alumina production cape.city 

(similar to l-!01 heating element). Experiments are carried 

out mainly with the aim to determine the relationship 

between the flow-rates and the heat transfer coefficient of 

different te~peratures. 

Alnasfilzito (Hun&~ry): Here is an experirne~tal tube 
d!cestion equ:p~ent suitable for processing J m3/h slurry 

.::.t Joo oc 
o:: at sor.ie·.-:h~~ '.:it;her ter.tpe::-at";Jr:..>. T~-; equ!~ent 

is a three-tube systen with ~olten salt he~tin5. 
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Pipe bend DN 125: 
Scaling: At the outlet side 0.8-1.0 mm thick hard 

unbroken scaling, in the pipe bend spotted 
scaling 

Erosion: No erosion 
Section DU 125: average slurry velocity 2.09 m/s 

min. slurry velocity 1.66 m/s 

max. slurry velocity 2.44 m/s 
Straight pipe section: 

Scaling: there was 0.2-0.4 mm thick scaling 
Erosion: could not be experienced. 

Reducer DN 125/150: 
Seal i::lg: 0.4-0.6 mm scaling 
Erosion: Could not be experienced. 

According to the above observations it can be stated that the 
optirnun velocity 

is 2.5-3.0 m/s 
for the processed diasporic bauxite slurry 

when the rate of erosion is low or min. 
scale formation is there. 

Slurry experiment on this heating element could be controlled 

with the help of the installed instruments • 

Operation of this heating element was stopped when th_e 

welding seao of the connecting slurry pipe had to be rewelded 

and when due to other operational difficulties the slurry 

valve erected into connecting slurry pipe failed. 

The operation of this heating element was suitable for its 
planned function. 

Other ecui t::ie?'lt: 

Caustic liquor tank: ~02 

Its ope::.·ntic!1 wa:; suitable to the pl._nned function 

Cauatic liquo~ pucp: UOJ 
Its oper~tion was suit3ble to the planncJ function, it~ 

sc~ling wn~ exch3nccd two time~. 
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Steam cooling system: 
High pressure condensate water pumps: M06 

On the first ~eriod of the experiment their operation 

were going on as per specification. Later, due to 

operational reasons they were failed. After 
exchanging some of their parts (impellers, shaft, 

bearings, sealings) their operation was suitable to 

th~ planned function • 

Stea.~ co~ditioning valve, high pressure control 

valve l.1Q5 : 

Their operation with the whole pressure and 

te=pcrature control system were suitable to the 

planned function. 

Multipoint resistant thermometers: 

They measured and indicated no realistic temperature values 

even after codification of the tapping p~ints. Temperatures 

of slurry, condensate water and steam were measured by means 

of newl~ installed local mercury ther~"meters. 

Pipe system with armatures: 

The erected pipe syste~ served properly for the technological 
function. Some of the welding seams in the slurry pipes fai­

led several tines but after their rectification the slurry 

ex~eriment could be continued. 
S~eci3l ansle slurry valves erected to slurry pipe9 of CT01 
heatin~ elccent failed and cauGed operation31 difficulties. 

Gate valves made in Chin:i (4 pcs) were erected in their 

pl~cc~. This kind of slurry v~lve9 were not suitable for the 

procc::ed dianpo~ic bauxite slurry operation 3t thi~ 

opc~~t:or.~l condition~ for lon~er period. 
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On the disc of two spc~ial angle slurry valves erected in the 

connecting pipe of go4 heating element measurabie erosion 

could be observed after 1300 working hours. One of them was 

excha..~ged with the spare one. This valve would need some 

modification for using in diasporic slurry operation. 

The other valves in general, like steam valves, valves in 

condensate water pipes, safety valves, check valves ••• were 

suitable to their planned function. 

The tube digestion experiments were carried out Lccording to 

the given requirements. 

• 
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4.00 A!!ALYSIS O~ SA~PLES TAKEN FROU TUBE HEAT EXCHANGERS 

ALUT~RV-?KI 

processed 

deposited 

preheaters 

has perfol'1!led analyses of the samples or 

bauxite and those of scalings and sediments 

at certain points of the tube type heat excha.~ger 

to deter~ine their chemical and mineralogical 

com~osition. The results obtained are summarized in Annex 

"H" . 

The examined bauxite sample was found corresponding to the 

bauxite processed in February 1968. The analysis revealed 

that the Al2o3 content is present mainly in the form or 

diaspore, while the Si02 content was present in the form of 

kaolinite, cha:nosite and illite. The kaolinite accounts for 

the 25-30 s or the silicates. 

The sedimen~ taken in March 1988 from the position after the 

R01 eleoent was a sand~-like formation and on the basis or 

its chemical and mineralogical composition is considered to 

be undigested bauxite. 

On May 20, 1988, sao~le was taken from points at M01 element 

and D125 portion of M04 element. The sediment at M01 was 

deposited, undigested bauxite, while the thin, bark-like 

sedicent at M04 was a calcium-titanate formation overlapped 

with considerable amount of magnetite. The latter is supposed 

to originate from transforma~ion of goethite. 

The thi~ bark-like sediment taken on June 4th from the D125 

por~ion of M04 element shows sioilar composition to the 

sa~~le take~ in Mar. The sandy-like sediment deposited after 

the su~~ly valve of the U04 element contains mainly sodalite 

and ca.~cri~itc, at the same time, however, the calci~~­

titanate phase is also considerable. It is particular wi~h 

this sa~ple tha: - acco~dinG to our experiences gaiqcd S) 

fa~ - the above men~ione<l phases wer~ char3cteri~tic to the 
bark-li~e sedicent~. 
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5. SUC-GES'I'!O!i :?OR P.ECO!!STRUCTIO!J OF EXISTING DIGES'l'Imr LHfE 

The present steam consumption in the Bayer circle of the 

Plant is almost double the value attained Zheng~hou 

in other 

Alumina. 

alumina plants operating at standard medium level. 

This is caused mainly by the poor utilization of heat content 

of the digested slurry, moreover by the direct heating 

applied at the digestion, condensate of which is required to 

be removed by evaporation fro~ the circuit. 

The tub~ heat exchange~ elements succesfully proved during 

the experi~ents could make possible to decrease considerably 

the heat consu::ption of the Bayer circle. A variant of the 

possible solutions is shoW!'l on Fig.No.1. ANNEX "! 0
• In this 

variant, the existing steam supply systeo is considered, this 

way the final digestion temperature is unchanged, i.e. 245 
0 c. The notable increase of recuperation efficiency is 

achieved by increasing the number (from J pcs to 12) of the 

flashins stages. The heat transfer area required for 

utilization of the flashing steams can most econo~ically be 

provided by a slurry preheating system build up from tube 

heat exchangers. This is explained by th~ high heat transfer 

coefficient, as justified also by the experiments. Due to the 

good recupe~ation efficiency, the digestion slurry c.:.n be 

hea~ed by flash steaos up to a te~perature of about 200 °c, 
a~ainst the te~pe~ature of 150 °c, achieved at prese~t •. 

Live steaos are required for futher heating only, na~el~ up 

to 225 °c by tube heat exchanger system, and from the~c to 

245 °c b:,r direct he~tinG in autoclm·es. 

Acccrdi~~ly, usinG this syster., only such a~ount of 

conden~ate would get into the digestion slurrr th3~ is 
pr:>duced by a direct he3ti:1~ corre3pondinc to .'.! te::ipe:-.::.tu:-e 

di !'!'erc:1ce of 20 °c, comp.:ired to that ar:lount ori~in~tir.5 

frJ~ the p:-esen~ tenperat~r~ diffarencc of 95 °c. 
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As a result of this, tae primary heat energy consumption of 

the digestion and the evaporation can considerably be 

decreased representing altogether 2.0-2.2 t amount of stea:? 
per 1 t of alumina produced. 

The advantage offered by the ic?lementa~ion of the tube 

digestion can be increased further by using heating steat:t of 

higher pressure (80 bar) • 
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6.00 co~:cr.usr or~s 

Parties agreed upon and stated that the tube digestion 

expe~icents have provided 

necessary for design the 
s~:stem. 

useful and important results 

reconstruction of the digestion 

Considering, hov.ever, that the M01 heat exchanger was 
operated at low temperature range, the experiments pe~fo!'!!!ed 

could not provide suif icient data to determine the amount a..~d 

chemical composition of the sedioents forming and depositing 

in the temperature range of 150-220 °c. Further on, t~e 
expericent failed to give information on the operational 

cycle times to be considered for digestion of diasporic 

bauxites on tube digestion element. 

Taking the above into consideration, exter.sion into hig~er 

tenperature ranges oi the experiments dre felt necessary by 

the Parties. 

At a later date, the Chinese Party shall make a decision 

considering one of the digestion lines on which the further 

experiments are required to continue. Uoreover, they deem it 

necessary to introduce a more efficient dcsilication process 

which would re~ult in smaller amount of deposits and 

sediments in the heated slurry pipes. 

Remark: 

Chin?se Pa~ty accepted the Draft Final Report . 

See telex No. 121 40320.48 as ANNEX "K" . 
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7. 00 REPE?.E:'.ICES 

1 • ) C01l'l'?.AC'l' Uo. 86/30 between THE UNITED llATI OilS 

IIiDUS'l'RIAL DEVELOP!-!Eil'l' ORGANISATION (IDrIDO) and 

Aluterv-FKI 

2. ) PROjECT DOCL-:E~rT No. DP /CPR/85/076/ A/01 /37 

J.) PROTOCOL on the discussions held by Mr.Lin Ying and 

Mr. Shen Wenrong of U1l!DO with the representatives of 

Aluterv-FK! in Budapest on 10th and 11th Septecber, 

1985. 

4.) O?F3P. Subject: Experiraental tube digestion of bauxite 
in the People's Republic of China (DP/CPR/85/076) 

Dates 31st January, 1986. 

5.) WORK PLA!L TI'i'LE: EXPEnHiE?ITAL TUBB DIGES7IOU OF 

BAUXI'l'3 

6.) PROGRZSS REPC~7 Contract No. 86/30 

7.) MI~U7ES of oeetings held with Chinese expe=ts visiting 
Hungary 25.!·bl•-20.June, 1986 in the frame of Ctr.no. 
86/30. UIHDO/Aluterv-Fi(I: "Experir.:ental Tube Dices ti on 

of Bauxite in the People's Republic of China" (Project 

No. DP/CPR/85/076 and with representative~ of Aluterv­

FKI. 



• 

• 

- )2 -

8.) MirlUTES of meetings held with Hungarian Experts 

visiting People's Republic of China Henan Province in 

Zhengzhou Alur.iina Pla~t 28.July - )1. August 1986. in 

the frame of Ctr.?!o. 86/JO IDlIDO/Aluterv-FKI: "Experi­

mental Tube Digestion of Bauxite in the People's Re­

public of Chi~a" (Project NO. DP/CPR/85/076) and with 

representatives oi Zhengzhou Allll!lina Plant. 

9. ) IUimTES of meetings held with Hungarian Exper~ s 

visiting People's Republic of China, Henan Province in 

Zhengzhou Alm:lina Plant between 6th October-17th De­

ce~ber 1987, in the frame of Ctr.No. 86/JO U!!IDO/Alu­

terv-FKI: "Experimental Tube Digestion or Bauxite in 

the People's Re:p'..lblic of China" (Project Ho.DP/CPR/076 

and with Representatives of Zhengzhou Al~T.ina Plant. 

10.) MIHUTES of meetings held with Hungarian Experts visit­

ing People's Republic of China, Henan Province in 

Zhengzhou Alunina Plant between 16th January-27th 

lfarch 1988, in the frame or Ct::-.Uo. 86/JO UNIDO/Alu­

terv-F~I: "Expericent~l Tube Digestion or Bauxite in 

the People's Republic or China" (Project No.:DP/C?R/ 

85/076) and with Representatives of Zheng~hou Al~ina 

Plant. 

11 . ) MH!UT:2S of meetin!:s held with HtmGarian Experts visit­

in~ People's R~public of China, Henan Province in 

Zhene;:.hou Al U.":'lina Plant beh:een 26th April-9th Ju:ie 

1988, in the frar..e of Ctr.No.:36/JO U!HDO-Alut~rv-Fi\I: 
"Expc::-in~ntal Tube DiGeztion of Bauxite in the 

Pee;:~·= R~~uhlic of Chinn'' (Project No.DF/C?R/85/076) 

and with Rcprczcnt~tivcz of ZhcnG=hou Alu~in~ Plant. 



• 
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12.) J.IHTU'iZ:S According to the Contract llo. 86/)0 between 

the United Nations Industrial Develop~ent Organization 

(ffilIDO) and Aluterv-FKI (Contractor) concerning the 

IDlIDO Project No.DP/CPR/85/076 experts of China llatio­

nal Non-Ferrous l-Ietals Industry Corpo::-ation visited 

Aluterv-F~I, Hungary for study tour between 16.09.1983 

and 07. 1 0 . 1983 • 
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ANNEX nC" 

EXPERIMENTAL TUBE DIGEsTIOff OF BAUXITE 

(PROJECT NO. DP/CPR/85/076) 

AGREEM:SNT 

ON THE Cll!J-!G:S IN THE SCOPE OF 
THE ~UIPMENT SUPPLY OF 
HUUGARIAlI SUBCONTRACTOR 

On the basis of the Chinese Party's request des­
cribed in the Report on the Mission of the Hungarian Team 
at Zheng Zhou AlUI!l.inium Pla"'lt in August,1986 discussions 
v.ere held in Zheng Zhou about the subject of the change in 
the scope of the Hungarian equipment supply. Chinese Party 
requisted the Hungarian Subcontractor to deliver a wall 
thickness measuring instrwnent instead of the liquor sto­
rage ta..'1k which was specified in the mrroo contract of the 
Hungarian Subcontractor •. 

During the discussions held between 4th and 13th of 
December,1986 the Parties a~eed that in the frame of the 
UNIDO Project No. DP/CPR/85/076 an u1 trasc;mic wall thickness 
measuring equipment including measuring head suitable for 
measuring the wall thiclqless of steel from 4 mm to 60 rem 
to a temperature of 600 C, a cable for connection between 
the equipment and measuring head· , one test piece, contact 
paste and the operating manual in english language will be 
supplied by the Htingarian Subcon'tractor instead of the tank. 

Pungarian Subcontractor handed over the catalogue 
of the said instrument as well as the preliminarJ' drawings 
of the liquor tank and will prepare and han~ over the det­
ail drawings of the tank on the basis of which the tank will 
be fabricated and supplied by the Chine~e Party. 

Zheng Zhou, 09.12.1986. 

JP ~~J-~ 
On behalf 

Qt~ 
On behalf 

of Ch:inesc Party of Hunr.;aria.'1 Subcontractor 

• 
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AIOI "D" 3/1 TICDOLOGICA.L DlD OP SJ.URBY BIPIRillBlt OP BBltlIG BLD 

Sl11n7 st.a after ocauu-.. -: 
now: B•Unc •l•mt K01. 

~aur1 teap. Ccaa--. • 31.urr,r t•P• st.. 
tian inlet 
, .. ,. t .. p. . I 

<•'/ll) l Car) I Coe> 
lDl•t oa.tl•t 

(OC} (oC) (oC) (OC) 

! ~ I 

85 25,0 235 i 
; I 22, 146 156 ' 200 

I 

I 
I llMtinc 

t:anam~ Beat i Sl11rr7 1 
~· wat~ transfer 

' 

t.p. I coeff. .-- --.-­
' Inlet · C 

(°C) ~V/a~) : (°C) ! 
I ; 

' 
196 2611 222 

I 

';·.240 .' 
---.---· 

13~ 
i -I ' 

06.02. : 88 i 25,0 
I 

I 

223 141 
i 

178 I i 176 
. 

I 26,2 ' 2oe i 
I I 
i I 

I 8> i 24,0 240 
' I 

I 
I 

221 147 155 I 188 
I 188 

---: I 

I 
2524 224 

oe.02. 84 25,0 245 
I 

22, 139 144 i 172 
I 

1'9 
: 

2100 222 

~_J 24,0 
i 240 I : 

I 
! I 

I 

-- __ _t~--~- 25,0 i 245 I : 

26,5 242 I 
~ ..,._ ____ 

1,.02. 
I 

99 21,0 ' 242 i 

I 1 I 
---'----'-_2_21 1141 ~-2..5_2_+_9_, _____ _ 

22' ! 144,5 i 154,5 i 190 

----....;..--2-25'140 \ 150 198 

._ ________ ·--~---4-22_6_ I m 1, 1_~~----~-~-00-----·~;1.- 2743 . 

I . I I I 1' ~?~ __ _L_25,_~_L 245 224 . 152 i 159 194 

1 ;9 ~ 2;,o 240 ; 223 I 152 , 159 . 194 192 : 2150 

r-:;~;~ ~ -! ;5 · · -----2-5 ~;- --~ 2 4-5--· -22-4---..,--155.5 162 I 202 192 i 2298 

! 
I 190 
f 
! 

i 196 ,--· 
i 194 

' 199 

' 
I 192 
! 

; 

2699 224 
. 

2465 222 : 

! 
2550 210 , 

: 

214 

2704 224 

230 

225 
. ·---r-------i--- -------------

1 '2 · '02 i 10' 22c;a · ?2-
----· 
' ,.: ::; 224 _,,, 155 5 ' 0 I c ! _,o -·, ; . .. ··---------·· 

I T i--- -- ---r·- - --

1 . -.. 2'15 22 of 153 - , 

15 25,5 , 245 224 I 151 
- - --~------- --·--~-------

1 ;,.) ' 1 ~3 190 
-- - ·------·----·--·---~---··· 

' I 
245 

24~ 223 

156 

136 

134 

·~.·~;. -~~ ~5.5 i 2£5 224 151 
- --- --~ -----·- ·+ ·---··-. 

): , 12,3 ! 195 I 189 134 
r---- ··-··· -· --- ; - -- ·- - ~· .... 
. I 
J ~ .1.1;'. i 

~, 25,5 245 • I) 

·I 

224 136 
I ··---
' 95 13,o 200 I ; 190 ,., 

I . - "' "T ., . 8,2 t":"8 .. ,, ,, . .. -t-·-· ·--· 
; 171 123 
I ..... 

SECTION 1 

I 

158,5 192 1ea I 24~2 I I -· - - -·---- •I 

I ' 2477 157 I 19, 184 I 

~-r 

,5 16J 192 190 27~0 
-- --··----·-

' 
,5 147 194 183 21JJ . - .. --- ~- ---- r-- . ··-' 
,5 146 10: 1P.8 2327 .. ··--~--- -- . 
,5 158 i 2'89 188 188 

i ... -· ---··· ----· 
,5 142 I 190 174 24)1 

I I -- . ·---·.-- -- ·-- -
,5 ' ,,. • 188 176 2548 

' -! I . 
I 150,5 190 190 2434 I 

l . . I- ·-·· 
I 131 , 5 l 1 "."1 172 25;; 

_ _L __ - -·· 

- ::> 

22'? 

228 

-
23<> ----'--

23o I 
-r-

2:52 
I 

! 

- i 
... . i. 

220 - .. .. 

--



nPD.Illll! OP RBl!DG BLBlmf!S 1101 DD ll04. (FIRST EXP.STAGE) 

I ec.1--
. lleat1Dg el.--t 1104. •te R.-rta 

.._ ___ ~ ___ i ____ ~-'T"'""""--------------1'1ali'7 
I i I I I Cand•a. B•t Sl.1DTJ t•P· st.. 

1
Cand--. lltat 

~· •t~ transfer ' inlet 1te nt91'i traaa. 
'hap. I cofdt. .-- 1 - t•P· : teap. I' coett. . I ' Inlet · Outlet ' 1 

(°C) ~V/a2K) ; (°C) ; (°C) : (ot) : (°C) i {V/a2K) 
! 

. 196 
I 

2611 
I 

222 224 

j 176 210 

226 224 

227 222 

pB 

7 l•t t. on 1104c ,~·t lMt 
~•lculat-'- •1 

1 1687 I 1 : 
--.i~---------- -- _______ .._______________ i 

' · ' ! Beat t. cm 1104 can't lMi 
188 ; 2524 224 226 227 , 221 - ; 7 .

1 

calculated. (*) f 

1 1 '9 2100 222 223 ! 227 22~1 - i 7 (•), Cmdens. outl. ~· 
-.......;,~-----------~---,~----- ------..-----+ I I ; i I -....;, __ ,_90~ ___ 26_99 ___ 22_4 __ 2_2_4_~i_2_2~--··_2 __ 2_2 ___ : ___ 1_--I (*) ! 

226 222 - 1 7 I i i 196 

~ 194 

2465 

2550 

222 : 223 

210 I ------, --1 ---;11 c·> I 
~ 212 229 I 225 j 2079 1 7 

--~·:~:~:_2_-_ri-i_:~:~4-:_-_-~:~:~:~:~~~i~:~:~:~,5~~rlj~2-2.-~~5-___ 41~1-_-:_2-:~~~:~-2-1~~~~~~~:~~~:-(-*-)----------i 
. ! ! ! ' 

' : 192 7 (*) ! 2750 230 230 220 : 225 

! (•) t 192 
~~-------·-----~-- -------------·-----

I 

.i 22.l I 1 225 

~~' _1_9_0 __ ;-i-22_~_.9__,;~-2_2_s_+l-2_2_s ____ 2_~~ ... _22~ _________ - _...;_~ _1 _ __.: c•> 
1ea I 24~2 221 22g 2:;~ ::::s . - ___ 1 ___ c•> _..... ___ __.. ___ ~---+----- ------ ~-I 184 . 2477 228 228 . 228 I 224 • - 1 7 ! (•) 

~--+----+-----+-·· --•- ----L-------f 
I - I - i - ! 7 : ( •) , No heat. on 1104. : 

H-----+----11----.... -----_,-_,~--- ...... ; --;-~ :--t--· -_--1--- -·~ I ( •) I 
........ ,,~ -- .... ~1-"-~ -- >--2_30 _____ 2_:_0 __ ------------~;· __ ........_· _1 __ I ~ 

....... ~~-~ -- 2J27 ____ 2_Jo __ ~-~---'.'~--. ~~., .. , .. ~==~ -l_:. _ _...,l _1 ___ ! __ (_• ...... > _______ _j 
' 232 2JC ! 22J ; - I 1 i {*) I 

174 24'1 - '. - - . - - · - -=-· _1_ .?___:-;. ( •), so. -t. on 1104. ' 

~~--· .. --;:..:.:--.;;.~----_·_-.....i.:..___.;:::::=•~---.. -:_2_·_:-~_-~----+l-__ 2_·=-~~---1;~ .. ·-2 __ ~~--_·---P~~-·~~ ~ ;- --'-~, •o -t~-21-~~ 
1 72 25;; - - ... - - 7 ( • ) 

188 - -· ---· ---- . 
2389 ~32 

SECT I 0 N ;2 
I 



onx "I)• 3/2 ncmfOLOGICAL DlTA OP SLURRY BIPBRill!lfT (JI 1101 DD Jl(l 

Date, Si..n;· 1st;...,. after steaa lleatillg el-t II~:· -----· I ~eating el 

flow: caoditimer: : 

jPr~~. T•pr. icmdai-r~urey taa~. I steam -· ~~ ~~-a-t-l~si-ur_ey __ t_•_pr 
1, , sation · inlet te •ter :trmsra-

1 I . 
· t•pr t•pr• ' tmpr. : coett. ,...: ---.----

Inle~ · Cutlet ' ; Inlet Oatl I 
(a,/h) : (bar) , (°C) (OC} (OC} (OC} (OC) . (V/a2][): (OC) (OC 

-----·-' ; 
- I --- ·---·-------~---'-----L-----1t---

OJ.05. 79,6 13,0 I 210 191 t 32 136 179 2849 

04.05.1 18 10,4 : 210 163 144 154 188 177 3496 
. - - .. - - ----!- - -- - .. -·-- ------------ ---· 05.05.1 100 20 ~ 235 212 156 164 198 194 }158 

-- ----; 

- ---- ·"-- -- ·---- ------- ;_. - -··------------------

06.05.19870_ - .. - 22_00_ 22: 2211.22 146 115664 198 . ___ 19_0_._ -- 3245 
A; 1;7 194 164 2326 

---- . --

1 100 20 230 212 147 156 192 180 3096 21} -

214 

I ----------.-
07. 05. 92 20 220 212 142 148 1g6 160 2495 224 

22~ 

221 

2~ 
!-----+---·---- ----------------------·-- ·- --· -

10.05. 80 

11.05., 75 
1-------------

12.05., 65 

18 

16 

17 

220 

2Jo 

I 230 
......_ ___ --· ----- .. 

L_ _ __ 60 17 230 

! 1).05. 70 17 

~-- 46 230 

207 

201,6 

2'J3,.t 

.:.-.: ::: • l 

150 184 178 2429 22} 23C 

, j6 --- • 46 ----,86~~ ~-~3;,- - 255} _ ~~ I 2}1 

t45 . -­
' "'' 

,--.:c 

1~8 2160 218 I 22E 
- ---- --·---1 

137 2325 215 I 22E 
I . - -· ------ -+- -

::-_: · ~c :·.; ;; 22e ; 23~ 
. - - ·-· -- -· ---·---.- -· ·--· t· - . -

! 14.05. 74 
' ' 

17 

17 23C 
::~ --~~e~~~ --~29---J- 2J1 

~c}-'~---·-··-~ ______ :_~"--- ._., __ .72 __ 2 ... 0 . 230 I 23E 
i 

i 80 17 
,---- •· 

15.05 62 17,5 

I i 90 17 2 30 2i::;' ! 
r--·- -·· -· ----·---· - . - -- -·-- . -· 

: 16.05. 50 17 23() 2·:.:,! 
.. ---·---------

17.05. 85 16 22C :~· ,1 ·---···-·. - .... _____ _,.. ... ···-·-. 

:?1.05. 95 9 '-: ·-· .. -----··-·- ...... ... ........ .... . ... -·· .. 

. l .1 

'I• ··= 
.. ' 

SECTION 1 

! : ..1 

. , ,.. 
I ·•• J 

f ·.: ... 

ViJ. ~:c 25.i3 · 215 : 221 

! :c 2291 

1'?€7 

235 ; 24;; ____ _. __ 
222 

235 

22E 

241 
- .... ·-··-·-·-----

217 
---·-··---- ---------------

. -~ . -

. ~: 

. -. ., .. 

.--. .., 

. .~ .... 

... .. 
148 

25C9 221 22~ ·-------

224 23'. 

22J 2}'. 

~-------------"---



BIPBRDl!BT Cll K01 AND M04 HBA'fIBG BL!lml'fS. (SECOND EXP. STAGE) 

Heating elaent 1104. 

~ ~~t I SllllTJ' tempr. Steaa 
•ter 'trmster' inlet I . 

t•pr. : cofdf. -: -------t temp. 
' ;Inlet Oatlet 

(°C) (V/a2x) ! (°C) (°C} c0 c} 

daB& Beat 
water transt. 

t•P• coeft. 

(°C} (Y/a2x.) 

Remrks. 

pH 
~ __ __,,_ ___ ...__ ___ +---+-----+ ---~-------..... ·----- ·- ... 

7 ~Bo heating on K04. (•) 2849 

177 '496 ------- ----
194 3158 

190 3245 
-------
164 2326 

- - -
180 »;16 

160 2495 
- . - - - . ·-
178 2429 

.. ----; 

: 
: 214 

213 -
224 

7 '(•) -----_______ ......._ __________ -------- -- - . --
7 

7 

224 214 216 7 

221 215 217 7 

229 214 217 7 

---------
( tt\ 

: J 

:Heat tr. can't b~ ca1e. 
; on 1'!04. f 0 ) 

• 
~ (**} 
t ---- --- ---' 

-----+---+---~-------------------------
223 230 208 210 7 

-;:~ ~ ~~:: ::: I ::: 
; ( .. ) 204 206 7 

2-02 ---;·90- ·- ----------7----~ -(·-·)·---------------· -- .. --i 

187 - 2325-2,5-----1 228 206 196 7 
·-- .. _ - - ----- . 

( ••) 
-+. -- . --------

'.~c ZC35 223 i 234 204 198 7 ...... 
------.- ---· t· - ------ ----

_!22 __ ,_~~ --~29 ___ 1 _2J7 206 
-···-- ----- .... --- .. -. ----- -· ------------

197 , ... 
' J ------

n2 _22c6 : !?o I 238 .. ~~6 204 
- -• . ~ 

7 

1 ( ..... 
' I 

··-· ... ---------
~:o 2?43 · 215 : 221 206 206 7 

7 

~ !.1 

. - - -- . ___ ___._. ----------- -·-- -· .. 
( ... , 

I 235 ; 242 206 2291 198 
----~---·- ----- ---·· ····------·-------~ 

1?€i -........... -·-·-·-
2.:1.~0 

222 

235 

217 

228 

241 

198 201 7 
--·~-----· ···-· -·. '"t - ·- - .. , ... -----------

200 206" 7 
------~---------.- .. ---------

223 200 206 7 ; ( .. \ 
~--~--------~~-~---~--·---__.,.--~·~---

1 '?0 25C9 221 
.-, ~6;0 214 . ., 

229 205 210 
------------------~---- .. 

222 205 208 7 : (••) 
··--i 

- - - ... ·--·---· - ----- ....--·-- -..... ···-· ··-·--·--- _ _.__ _______ -···-·----·· 
25 ! ... 224 7 i ( ... ) 

7 ! (U} ---... ------; 

233 205 208 

233 208 205 
--· --- . -- --·······----·-~ --------7 _...__! ,.-) --------------1 
SECTION ... :2 



dllBX "»- 3/l TECIHOLOGICAL DATA OF SLURRY EXPERIMENT ON fill AND fl'.>4 BEATIHG ELEM1 

Date 
Heating ela. Heating element 1101 Slurry Steaa atter steaa 

nov conditioner 

1988 - I "6 ___ ,. 'fem.pr. t:ondec~ Slurry teapr. !;team ::ondensa:.neat Slurry tempr. 
sati~ Lnlet te vate+anster 
tempr. "espr. tempr. roett. 

(°Ct 
Inlet lutlet 
~ 

Inlet Outlet 
Cm3 /h} {bar) (oC) (oC) (oC) {°C) .(V/a2K) (oC) (oC) 

I 

22.05. 80 17 I 230 203.4 146 154 . .L'jU 13 j l90 2385 225 232 

1--2.,-.-05-. -+--6-0--+--1-3-.-5-+-2-30 __ .,.._19_3_._3--+-l-4_4_-+-_1_5_1 ~·~·.· 189 ·~=-- r--;:-6e..,.,._~_ =i._ ..... 2_0_2_8~-·--22_1 _ _..._2_2_6_ 
: 8,5! 
. ~~-~~·- ~. -···· -~·-+-----+-----t---

24.05. 76 13,5 230 193. 3 142 150 . 194 10 : 174 
t-----+--l-.,-.-5--ir--22_5_--1_1_9_3_.-.,--i ..... l-4_4_--t_l_5_3_-+!""-l9~ ~-- ~;-~ ~8~-- -

2394 222 218 

75 ' . ...-' 12 ; 2434 224 228 

85 i 13, 7 225 193.8 ; 141 : 150 • _1~;'. 185 2598 219 225 
t------+-----;-----t-- __ .... _ ~ -- - - -- -+· -. ---t < ~==--=· - - ~.._...,..,._...- _._ ....... -.. ----

225 194,1 147 l 155 _:9~-.......--12 l~--' 2992 219 223 26.05. 90 14 

21.05. 95 14 230 194,l I 138 146 ~; 174 : 2832 I 211 218 

-2-a-.0-5-.--:-:----:-:---+-I :: :::·; :: :: '-~:-~~ :: : ::: f ::: ::: 
_2_9_.0_5_. ___ c __ 5 ___ 1_3_, 5_ : 220 : l~3. 3 

1 
136 j l'' ~-1 ~-- 2~?! J 195 --;~l--

t--;_o_. 0_5_.-+-_s_2 __ i _ :~ ! 220 ! i?<,: . 13e ! H7 ~~ ""'7. . 2764 I no 217-_ 

_ .,_1_.0_5_··-i'f--86---~ :_~ I 225 j 1:~,J ; l~~--1- .. ~~1-./-:2 __ _,--~~~- i 2:~~---L- ~1~- ,. 2~~ 
??r. I ~ O~ 3 ! ~ ~·" i ~ -::p : ~·~ ____..- · l ... ~ 2442 1 213 21":11: 01.06. 90 . - -~;,, i -- , i --d • -- • t -~ -~ l!. . , __ J__ I ,,, 

..... , --~.._-oc:;--1--:.4--,-~:-.,-;---+i-~:---. .r -~---·--,,~---·----·:-:-:;-. :'73~ 1 2521 I 212 213 
; ,*1 l I ; - ""' • - - - ·- - ,.· "" ,,,,. 9 f - ''·' ; I 

t-----t---~-------+--------+---------+-------·---*-···· --·. -- ... - -·--
1 • I • 1 _711 ~'5 ,/I : ! 
I
I 02.06. 30 : ltf I 22': • 1?'1,1 ! 1.12 I 1']·: 17'1 i 2~5;"') 1 ?.23 224 
...._---+--------+----+~ I 1: 
r- ~------' I o3.o6. c:2 

1 
1,1 -~2'~ I l'Jd, l l i·~2 1 : t:: ~ 175 2413 ~ 21a 219 

R:'.M.\.1.T.: ~he •f8.lue ot heat tr:mstar coe!!ic!.P.n"';:J ca.!.c~ll:i~ed tor i•:04 ~eating element are ve 
~e:r are not realistic due to spP.Cio.l O!,lerational circum.stancies ot direct steam 
1st 11gester. 
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ON 11«>1 ARD 11«>4 BEATING ELEMENTS. (SECORD EXP. STAGE) 

lleating el•ent M04 

Remar!cs 

llnden­
ate 

R·mlity , 
---r------.--~-r---------.----~-----------+ ; 

ondensa~eat Slurry te-1pr. teaa 
e vate~sf inlet empr. coett. _______ tempr. 

(°C) ~(V/a2K) 
190 

185 

180 

174 

171 

194 

2385 

2028 

2394 

2434 

2598 
--~-

2992 

Inlet 

c0c) 

225 

221 

218 

224 

219 
~----- .--··-

219 

l 2832 ( 211 --- -·--
I 2507 211 

; 2661 - . 214 
: 

-----~-

175 2832 I 195 
--r- --

2764 I 210 
-

179 ' 2796 I 213 i 
I ---- --- -~-. - -- -~ ·- -

l 76 2442 ; 213 
! - --i-. 

, ';:J 
-"":· ... 2521 i 212 

--·--·· -
l'?d. i 2'!35:') i ?.23 

-----175 2413 218 

,. 

tlet 
(oC) 

232 

226 

222 

228 

225 

2?.3 

218 

218 

219 

201 

217 

213 

I 213 

213 
---···· 
224 

219 

{°C) (W/a2X) : pH 

208 

225 

229 

229 

4595 

I +-
I 5095 

1 (**) 

7 :condens. outlet ~r. 
__ _.;.=..:1'!=04 -~-ea~£?_d ~~ ~!l ~. :;>. 3.· 

1 
--·--+---

· Con1ens. 01.:t!. "?~ 9r. t -- -+-- - - ·-
I 5601 

! 
7 

: : 

--~---

228 i 591JC ~ 7 
! . -- - ... _....,_ __ - - . 

232 3142 ; 7 

·•···-··-· 
213 ' ..... 

, 
208 

--+-->- :::::-- l 
--t·-.:; ·-··· --:-~~;- ------·- ··- --· -- .. ··: 

___ __... ___ ...._ __ ~---+-----""-----'---~-----···-------·--"'·' . .. - _ J 

d tor i•!04 ~eating element are ver.1 high 'fal·i~. 
circumstancies of direct steam heating in the 

----- -- ----- -

SECTION 
------1 

. 2 

------ -------------~- -··---·---· 



Sl111ft7 niilrl <•'A(> 
A...-.p 184 
!tazimla 1112 
~1.S.. I 58 

--- I 

OpuaU•.ic u.,.n- I 15' 
wr.: c0

e) ' 

"'°° Beat~ .. 
coeffici•t, 
•k• {V/a2'I.) 

2500 

. . 

10T 

62 

150 

98 
In 
I 

I 

• 

145 

I 1 I I . · 
84e9 ; 8,,5 8',l i "18,2 j 65.:5 ~01•7 ·c;7 ; ~C:5 !!S.6' 

10' ! 106 100 98 : 102 un ~~2 1 109 100 ! 

71160 64 "'66 76 78162 76 i· 

1141 ; 1» 141 150 

I I 

I I 

! 
• 

• • 
• 

• 

157 

! 
! i 

• I 

i • • I 
• 1 : 

... 
t 
I 

"i 
- i I 

152 ' 

• 

" : I 

. 
I • 

! 
! 86 . 90 94 

I 111 i 10' ! 100 1· 

6016011o 
I i 

14' : 1_52 ; 14'1 
I 

I 
i 

I 
! 

I. 
I 
I 
I 

I 

.: . -
• 

2000 --··· - . - - --· i ---- ------~---------------!---L----+---+---1---'-----< 

1500 

Data. 

! 
I 
I 
I 
I 

I 

I 
~ I I· 

I . I ' : I I 1 ±i : · 1 
1 JI J ~ 

_. ---- r·02 ~-02 07. oe.02: 09.02 -~~1·02; ~2.o~: 1).1) ,j 14. I 15. 16.o;i ST.02 

Total o,_..u,q I ; I ! 
1 

· 

boan ~ 48 I 7Z i 96 120 144 ~68 I~··?. 216 .... 2_40-.;-2-"--+-2-•__, .... 29_4-+-..... -"_4__, .... "'_ ..... _"'---1 
Sl1UTJ o,...uma I 24 ! 18 I 18 I 18 '"·-·-;--. ·,9 ' ~4 I n ' 24 24 24 ' 

L. ~ ! i ... ' ! ! 
.. 20 24 24 

Cauuo liquOI' I - ' 6 ' 6 6 6 ~ 'i _ 2 -.. -

SECTION 1 



i 
90 9' ; 91 

i 10, ! 100 I 100" 
I '° I 1o 

97 

100 

76 
I i I ; 

6i 

98 

'° 

sc. 
96 

'° 

I 

;~.5 

195 
i 55 

I 

97 
65 

84 

95 
64 

S5 

96 
74 

es 
96 
65 

100 

60 
e7 
e7 

96 

95 
5' 

82 

100 

55 

18 

95 
60 

a.c 
go 
76 

89 

go 

76 

: 152 I 147 I 152 ~ te7 '. 1~ iss I i45,6 ;;& ;;o 148 ,,0 i~:O: i46 150 162 155 159 159 

I .. . ' ' .!_ '---

I .. I .. 
I 

~­
I 

I 

i 
. I 

I 
'l 

:.. 

• 

.,. 

I 
L ' 

" I 

. I 
I 

• 

• • 
• 

" 
,. 

I ; i 
----t-~~~---------1+--- -t---t---

i . . I I 

--- 10.03~1,.o,:12.o' n.03,14"' 15.0, 116.03 11.03 1a.03 19.03 20.0' 21.0' 
--+---+--+--ir---+--....... --t---·----------.....---.....-· I ' 

' I I 

"' "2 "' 41.0· 4'4 446 551 565 5'9 590 614 
I 

6'8 '62 '" --·1 u1 1 485 I 509 i 5,, 
---+---+--+-"""'""1t---+--....... --1-~---·~...,--~-+---+----+---+~-·....--+---+--..+---~-----

- I '' 24 I 24 24 
24 24 24 24 24 ti 14 4 zt 24 24 t 

-. - -1..._ .......... _ __, _____ ..J._ __ 

SECTION 
------, 

.:2 



~U?Tl' fioY: (a /h) ! 
t.ve..-ace 
11&%ia'la 
F'..inisla 

I 
j81,0 
:94,0 
'72,0 

I 
'.,94,6 ;92,5 .eo,4 

' ' :1 oo,o 100,0 ·92,0 . . : 

B6,0 70,0 °65,0 
' 

I 
;12,0 ~69,e i66,2 
:S4,o :eo,o :ao,o 
·50,0 50,0 :50,0 

:67,1 6(,( i72,1 
;ec,o so,o :90,0 
46,0 45,0 35,0 

;1c,6 
;e5,o 
:50,0 

79,E 175.3 
e5,c 90,0 
67,c se,o 

'Ope..-atin€ tm.pe?"&- 1 

:~: c0 c) (outlet)! 

I 0 0 f I 

.148,1: 157,~157,5 !161,2 i ., I , . . 
<r 't ! ; i 

I ; 

.us,515c,2:1=:;,1>51,115(,5'.15~,e\n,2 u-:,1 152,3 
. • i a 

. I 

'Seat ~!!:f"er 

i 
Ii ... 

i I 
coe!~iciect: "k• 1 

I 
i 

~~1.2A> 3000 .L ' L 
I i - -1- ~ ! -

i i 
-!- - t- -1- "i'" i­

f •' 1 ~ - .... I i l i 
Ji" 

!.. - t - ..L 

i 
. 

' ... i 

' «-: 
i 

I I ... ; 
I . 

i 

i 
I 

i 

I 
I i 

; 

I 
i ! 

! 
: '* 

• 

.: I 
2500 I - -: -

I ! 

! - - -----
_L ______ _ ...!. ___ _ 

" 
_...._ 

; . 

1600 

llataJ 1998. . -------
I Total operating 
! hours: (66:5+ ) r-. - . . . -- -. 
I SlurJ"J experiaent 
I 

. : . 

I , 
I 
i 

* 
" 

"i 

I . . r I -----·- :-

1 . ! .. , 

I , I ! 
I . i I I 
I j ' ' . ' I I - --- ,· ----·:·--. :-l,· ···:-·-. ___ -:-__ ·-'--· -r-- r----1-··---·- -- ·==1--r:·-· ~- I I I I - : 

0:5.05• 04.or;.os. 05.06.05.07.05. 05. 09.05. 10.05. 11.05. 12.a; •. ,,.ai;. 
1
14.05 .. 15.05. '16.<>5. i11.oi;.. a.ai;. 1 

,;-f;; 12;1 ... j;. m l~-;t.,, -: .. ; , .. ~ \5, --~ I~ -j~~1;~ -~-9..; l 
~----tl----t---,----t--------~--1 -·-· I : ·1 . __ ;,. • -+ 

24 24 24 I 8 5 0 ' I 22 24 24 24 24 24 23 f 24 24 : 9 
I I -i-- i _ _J_ 

,___ __ ......___.__._ __ ~ ___ ___.._-J I _:_j_ - I i . - I - I 

SECTION 1 



---
·.:I:~ !S ~r.:l ~l\;'! O!' TH! EJ:F~!l~. 

79,e 175.3 86.B 
es,c 90,0 90,0 
67,C se,o B3,3 

• 

- -~ 
• 

i 
L-

~1 -,-
! I 

I 
I ; . 

i75.6 193,2 75,0 ,12,B : 7t,9 
I 

;96, 4 95,0 ,BC',o eo.o , AC',O 
90,0 55,0 50.0 60,0 75.o 

- - - . 

.r : 

1-. ! • 

I . 
! 

• 
I 

I 
i 
; 
I 

' 

--~-

.. 
tt 

-- --. ' 
• 

s1.o :85,5 86,5 
··?o.o :90,o 95,0 
56.0 60,0 65,0 

_lt....L. -

~ 

IT 

... 

~ L-_-_-__ L, _____ -__ -... -.:-r.=:::t==±=======:!::=· :::-~=-=+= 
I . : i I 1- 26.05 

91,e 
95,0 
65,0 

~ 

85,7 
95,0 
60,0 

82, 87,72 93,4 90,5 90,5 
95,0 92,0 98.0 98,0 90,0 
65,0 80,0 ee,o 80,0 ea,o j 

I 
i 

1~1.1 ut, 1n; 151,6 ua,2: 
I 

t 

... t 

t 

t t 

• 

29. 3().0 31.0 01.0 02.0 

t 

I 
I 

I -- --1 

6.05. i"· 05. . e.05. 19.05. z.os. .05. 22e05. ·2'.o5. 24.os. 25.~ 
--,~- -···-:·- -· -·f-··--+---+--+---+----~-------1-----+--+-

922 1946 .970 .994 1008 1018 1037 1061 1085 111()1), 11'3 1157 1181 1205 1229 1253 1277 1301 1307 

-~ --+- --+ . .L ___ : __ 
2, 24 24 ' 24 14 10 19 24 24. 24 24 24 24 24 24 24 24 24 6 

- . 
I 

"---- .... -- ____ ...__-"" ____ 

SECTION 



en 

"" 
~ ...... -
~ 

z 
~ 

--~--~~~~~~~~·~~~~----~~~-----------. 

ABRIX "P" VALUE OF MRA5'JHED PIPE WALJ, TllICKNF.SSED, AVmtAOR v1n.oc1Tr :OP UAUXITE m.mmr 
r-

I ---------· 
I 
I 

I 

I 

I 
I 

DATE OF WALL TllICKNF.S11 Ml~A311HING. 

05.06.1906· o4.06.19no. 

! 
l~ 
~ a .... 
8 

<>- Ht>o'OIC 111 < ... < , .. l'O 
.... 111 0 111 'd .... g:l C:.1 ::..., 
..... ii ...... c;j c1' 
c~ II ll Cl - :i· 
'4 VI RI"" "' I ..... co "' n .......... ::r .... -~ • ~;-F. ts 

~ :J ~ e 
0 

·~ 

< :.-
• D cl ... 111 
0 :.1 
:1 Ii 
c1' 111 
~ 

:0 .... .... 
Fl d -... ~ Ill I ....... 

... .-...;... 
, .. cl 

-~- ~ 
VI 

li1' f!. 
-- n 

--··- I 
20.05.1'>'38· 11.05.1900. 

..... _ ---·--·---
'tt II:! < ~· •It .... .... Ill' 111 •l ,... < 
'd ... ,_, .., Q i 
!: .... 8~ IC' ... ..... c ...... .... ,,. 4 .... 
g ~ r.t ~II "-""' IJ ......._ ,..., s:r •·' 

111 .~f1 -~ 
" IA' •J I ,. ........ t. 

0 
I·\ 

1l ~ 
1 ~ 
le 

•t .... I? 
!u 

t: 
"' 0 

"" 

r. ~ 
r.. ~ .:r .. 

Ill 

~~ n· .. 
IA I -

~-, ~ 

~~ 
~ 'la 
'""111 ii" , .• ....... ,. 

~ 

.... ~ i:,· , ... 
•t ,.. •t 

e f! 
...... f) 

.... 11 
!& 
"' 0 ~ •·It 

' 0 '11 
VI I"' 
:. l 
·u tt 

t8 

1l fl 
1 3 
II II 
• 

Ill 

M'W 
rt _. .... 

o, 8 
,.""p .. 
"' - II , .. 
n 

"1 
0 • 
0 
•It 

~ 
ij 
LJ' 
l"I 

'II , .. 
r, 
111 
• 

04 ,5 1111:; ,o r·, '101 n '·rl 17 ,011-,:nr ""' ;t-~ 7' 'J----1-
H •--·------·---·--·· - .. ·- -

rn, '"-,,29 105,sa 11,4 , ,2·1 o,4 
~._...__ _____ , ___ ...... ·--·-.. -·--··- ~. 

7,:!11r,,r; ? 1,'.21 ·12,11 ·1,21 1,it1 I nit,1 ., '() 

R4, 5~
1

· 
nit,~· 

"" ~ ?.· 1· 

""' ~·· 

05,5E 7,6 1,42 1,44 o,o 
~ ·-~-- ·-· .. ·~ -6".-·--· ·-·---·· 

r;,0110,?t;I V10 1 , '"" 'f;>' 71 5' 11 2 , 27 I flit, 1 it' 9 01), 5E 5,251 2,20 2, J1 0,15 I_ __ .. - ---'--- . ---... ~ --·· .. ··---. 
5,,;110,261 V11t 05,5E 5 ,?.'JI ?. ,20 1 , 'J'7 I 7?., ·11 i;, 51 ?. , :n I nit, 1 0,25 '. 2,31 r;.?. 

:l ___ 1--.I - ()·;~J:;,,1- 85o5l- 4~- -~~~~'.~. 
: __ [___ _ · -~3_l_2~~1 _?~_.y_ ~~~ !.~~~I nit,~~ 5,' 

: l o,o j2,31 05,5 5,2 2,:m I "'l,:>:, 5, 0 

,-_ - ------ ·-~.~ I W.!~~;5- 5,:? 2,20 n4,5~ 5,6 '·~?I ·1:>,1 5,r, 2,nl nit,1 

,- '. o,6 I 2,,;'~ ---;-,-~ _2,;~- _£M_~~;~---5,-~~ ·~~2!1-~~! .. ~!.~~ _?.,~~ .. _f~1'~1 l .. :.~,~1~~~;~-~/2 
L 

1 
___ ·--~·15 ~µ3~'.5: __ 5,4~ 2,20 a4,5:it 4,7 

~ LJ __ ~L~~-'-~5.!5~1.!'!!Y 

!i., 110,:!f;f y~ 1,,,11 n,11 c;,21 :?,n! ""• 1 'i' 1 
,. ...... -• .. -- • • •• ·•-•• • .... ·I•••··• •• •I • •• · .,__ I • •-·-·- --- • 

5,2110,261 J/3 1.'rTI n,·11 5,31 ?.,?.71 n4,1 
.. - --a..... .... --1---••• I••· .. •••• f .... •• I ... ··----, 

5,0110,'.til it/1n 1,'1'71 7?,71 5,0I i',?.'71 nit, I 

5,611'>.'.61 it/th 

5,9110,261 41' ,,q71 72,71 5,41 2,271 84,1 

1 • 2 21 72 , 71 14, 41 1 , 41 I 84, 1 I 1 7, 2 I 16, 50 I 5 ~ 04,5~12,7 

I -_, I I 0,2 I~' 85,561~ -~~~---!· ~~~-51 __ ?.~ ~_I 1,_1?1--72,_!I--·~~~ 1 .. ~ .. _2111 .. ~~ .. 1 
4 5

(16 '7 IT.1 0 72 • 7 1 7' 51 1 '2 1 84 ' 1 1,3 85,56 16,7 1,27 8 ,5 I n I I I 0,3 rcl~76--ii:,56 ·;;~3 o;~5--84.'.5r'.~-
; : : I ~~:_·!__ ~~'..5-_6 _'.:~ ~ , 21 _ eM51~~~-

7, ~(!~·.~~I- -·~-16,,, 1e,.10 , r o,o 
o,651. 12,1!.11,sl o,15l""e4,1 11,,1,,,·101· 8 

--·..-t--····· .......... -........ -·-····· .. .. 
1,101 12,11 17,41 1,211 e4,1 I 11,411e,'8I 9 

............. ._. ·-·~· .. --·----.. ··-· .. ·-·······---
1 Jo1 1307 1001 779 I l 1'1>1 work. hours. 

1--4-----f---- . --·-- -
-~~-5--~~44-,~5~5~ _ e,1 __ ~~~~~1 B4,55I a,o 

o,, 3,12 185,56 7,2 ,,09 I 84,551 7,0 

~~~__:7 0:2 1,41 a~'.'. -~''1'6,5ol 10 
r~t· 12.7 1.2 3.01 84.1 1.1 7.60 , 



1,1 
.------~-------·--

en o,o 

04,55!1, ,5 L~~.~L 

' ~ ,i7} ii4~s:f ~:·;·_~7"7 1,J I 85,56116,7 17,4 1 ,27 I 84,1 11,411e, '6 9 

1Jo7 1'07 I 1001 779 J«>1 work. houre. 

e,211,411 e4,11 e,,116,50 10 

7, 2 I ., , 07 I 84, 1 I 7, 1 I 7, 60 I 1 1 

2,21 I 05,561 7, - ' - - - ' - . --

2,21 ~ e5,sfi -5~~ ! 2,10 I nit,'i5 1,n I 1,na1 12,11 B.'11 2,901 nit,1 n,1J10,·1s1 1it 

7,9 

tJ,6110,'f5 

n,o 110,'Tr; t 15 

16 

1'1 

ml' [ := I r- ! ·~4-J. 2~2· _;_ os ~-56 .!~ 0. ~lA 04, 55 .. 9 !~ -· .!..'.~~. -''-~ ,., 9. 6 - MO ~~-~-·-·. - ... 

I -···-•---
1 , no I 72 , 7 I a, 2 I 2 , 'lf1 I 0'1 , 1 2,21 · 05,56,~~~-1·;~·10 I oit,55 o, 1 

~ i o,J i 1,48: 85,56 7,9 l,'16- 04,55 7,n 1,u; ·r2,·1 u,o 1,it'i nit,1 · ·1,q 11r,,or, 
:z I . -·--·--·-·-·· --··-···. -· .. ---- ·--· --·--· --······ - .. ·-·· --· .. ·---

(__ --~~--~~-".~; .. "~~~61--·1~~1.1.1,_~~ M,55 _'!~!!. ... . ~:>6. '17.,'1 .. ?~~ .. _1,itc; --~~~·.': -~~~r,,1~~--1-·~·f-'-·· 
...__, 'I-- _J __ !_ __ _i_ o,4_1~~-l_n!;~-~61.1.?~? J~.·-~·r _ .'~~?r; ~_!~_:1_- -~~- _ 12_•2. __ 1_~·-~ 1 ·~~~- . ~M, 1 . 1 ·~·.?.J~~ . ~.q ·-~ J- I : I ' 

~ ' I · o,6 0.76 U),56 11,J o•t'J n11,5511,1 o,r,5 '12,7 11,n u,·r5 £11',1. 

'_r---1=~i~ __ ! ~., -;~?~- --~5·~-6 -~·9_ 0 .• 11 /'"~5!i· :,,o o,~~ -~~.!i ···.,~~!i.!l!}l" .~~.~ ... ~· 
• • I I I • I 

: : · ' 0 t ~ ' : , Y? ' A~, :Ot;, 9,' ! 2, "'i'1 ~t1 1 i;i:; 'l, i ~ , n1 7~, 7 '),I\ :? , ! 3 '11 , 1 n 
"., .. ' ~ 1- .. ~ '. ---·- T- -· . : . ~~---1 ~ ~~-,--i ~5~;61 ;·.-~·· j·;. ,-; ·1 ;4~~-~1·~-:0---l~:-~;l t ·.;;.·, 1-1 ·- 6 ~~ ;-, 1·1. "4 :;·. 

· · 1 ,5 j 2,21 I ~~~Gj 1·;a ; 2,17 la4,55i 9,0 '-~~~. 72,~:j ~~-~- i. ~~- 84~ _:•o ----1 

l- . 0,4 : 2,:,., 05,56 6,4 2,34 04,5~ 6,5 12,0~ 12,1 -~'.!_~·" ~ _6,0_ho.02 I 2s 

24 

i 
1 

, : 0,1 !.!._'7 85,~~ 6,4 2,,, 04,5 6,1 . 2,01 12,1 6,1 2,,, 84,1 6,5 ho.02 I 26 
I 

1609 ; 1609 146, 1088 M04 work. hour• 

REMIUUCS: 
1. Places ot pipe wall thickness meanurement are shown on ANNEX "G" 
2. Initial wall thiclmess ot pipes measured betore the tirst stage ot experiment •tarted 

on 04.02 .1968. is given 1n Minutes ot the tirst stage , 1n ANNEX No.a. 
J. Place~ or wall thiclmess measurement changed in some cases. 



l. 

2. 

5. 

6. 

8. 

10. 

Sl1.11T7l pipe Pl, reducer Dl200{.150 

f£B· ~·, 
Sl\llT7 pipe Pl DRl50, pipe b11111 inlet to •01. 

2 

Slurr,r pipe Pl DHl.50, outlet trcm •01. 

6 

Slurr,r pipe Pl, reducer DB200/150, outlet 
from 1101. 5 

·f Ertt 
Slurry pipe Pl, reducer DN200/150 in front 
of valve marked 1C11 7 · 

~~ [<£]j 
Slurey pipe Pl, T-section DN200/200 in 
front of inlet to 1st digester. • 

Slurr,r pipe P2, rieduc er D~OO 50 
9 

20 

SlmTJ pipe P2, pipe bend Dlfl.50 in front 
ot inlet to K04. 

10 

~----------~~~--~~ 

l/la 

3/lb 

3/2 

3/3 

4/la 

4/1 

4/2 

4/3 

Place ot a..winc 
Dencaination /figure/ 

Slur17 pipe Pl, )xDlf65 inlet to 

SlUIT) pipe Pl, JxDN65 outlet fJ 



Place of ..-w-ing 
DenGllinatian /Pigu.re/ 

pipe Pl, )zDR65 inlet to llOl. 

pipe Pl, 3xDN65 outlet from MOl. 

11. 
22. 

12. 
25. 
26. 

13. 
23. 

24. 

14. 
15. 
16. 

17. 
18. 

20. 

21. 

Place of a_.uring 
Denomination /Pifii,re/ 

Slurl7. pipe P2: inlet to ll04 anr.l reducer 
DI0.50llOO in frant of inlet to ll04. 

11 22 ../7) 
o±t=El:.'l 

Outlet froa DlflOO section of K04. 

~2~ ~6 = .. 
Pipe bp DNl.25, after et from DNlOO 
section of 11<>4. 

23 

Inlet to DN125 section of K04, outlet fr 
DN125 section of M04, pipe bend D • 

14 15 

16 

Inlet and outlet sections DN150 of M04. 

Slurry pipe P2, reducer DN150/200, in 
front of valve marked 1C17. 

· n 1 l·i-
19 

Slurry pipe P2, T-section DN200/200 

--!$-~ 
SlUJT7 pipe P2, pipe bm! DM200, in front 
of inlet to 4ige•t•r No.2. 
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I. 

• 

• 

Time 

.illALYSES OF SAMPLES TAKEN FROM 

TUBE HEAT EXCHANGERS 

of sampling: 

1. 20.05.1988 
2. 04.06.1988-

Position of sample point: 

l.e.. MOl element 

ANNEX "H" 

l.b. M04 element ND 125 (in the bend) 
2.c. M04 element ND 125 
2.d. M04 element (after feed valve) 

Chemical composition (in weight %) 

l.a. l.b. 2.c. 2.d. 

Loss on Ignation 14.2 J.8 4.9 6.o 
Al2o3 67.8 5.1 3.9 22.8 
Si02 5.J 1.8 2.1 11.a 
Fe2o3 4.3 57.0 51.4 15.7 
TiO· 

2 3.2 10.3 12.2 9.s 
Cao 1.5 9.6 lJ.8 11.2. 
MgO 0.5 11.0 9.4 1.6 
Na2o 0.8 1.2 1.5 7.5 
K2o 4.6 

Mineralogical composition (in phase %) 

Soda.lite 3.5 22.0 
Cancl·ini te 26.0 
Dia.spore 75.0 4.0 6.o 
Ca-Al-silicate J.2 1.0 
Goethite J.O 2.0 
Hematite 2.0 ,.v 5 .o ,..,, 5.0 14.0 
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• 

• 
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CaTiOJ 18.0 
Calcite 2.0 
Magnetite 52.0 
Mg(OH) 2 17.0 
Illite ~ 5.0 
Anatase J J.2 
Ru tile 
others J.O 4.0 

II. Time of sampling: 

March 1988 

Position of sample point: 

1. Bauxite (February 1988) 
2. M01 element (sediment) 

Chemical composition (in weight %) 

1. 

Loss on Ignation 14.50 

Al20J 66.10 
Si02 5.77 
Fe 2o3 5.79 
Ti0 2 J.60 
Cao 1.50 

20.0 16.0 

50.0 
14.0 

10.0 

2. 

14.09 
64.83 
5.27 
6.29 
J.05 
1.60 

2.0 

4.0 

Mineralogic.!11 composition (in phase %) 

Dias pore 71.7 73.0 
Silicates 12.5 10.0 
Goethite 5.0 J.O 
Hematite o.a J.J 
Anataoo + Ru tile :;.6 J.O 
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• 
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Calcite 
others 

2.7 
J.8 

J.O 
5.0 

Remark: The silicates are kaolinite, chemosite, 
illite ove}"lapped very much. 
Kaolinite is about 25-JO % of silicates • 

Sreen test of sediment 

+ 315 /A'm 6.5 % 
250 - 315 3.5 
160 - 250 25.7 
125 - 160 20.4 

80 - 125 2).8 

- 80 20.1 
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D. GEMERAL TI~E SCHEDULE /modification No.2/ 

Activi.tv _______ ... 
!l:~!~~ 
/months after 

award of contract 

1. /a/ Preparation of the design d~awings 

and specifications for. the non-stan­

dard equipmant and the pa~kage for 

bidding A + 3 months 

/b/ Training of 4 Chinese nationals in 

Contractor's institute at t~e design 

stage for one month A + 3 months 

/cl Preparation of the engineering 

drawings for installation, pipe­

works, electric connections and 

automation equipment A + 5 months 

2. /a/ Evaluation of the equipment bidding 

and ~election of subcontractor 

/b/ Manufacture of non-standard equip­

ment and delivery of equipment 

3. /a/ Installation of the equipment and 

supervision of the erection 

/b/ Commissioning of the experimental 

tube digester 

/cl Experimental stage 

4. /a/ Evaluation of the test re~ults with 

the participation of 4 Chinese nat­

ionals 

/b/ Preparation of the Draft Final 

Report 

le/ Tripartite discussion of the Draft 

Final Report in the project area 

/d/ Submission of Final Rcp~rt 

A + 3 months 

A + 17 r.ion ths 

A + 20 months 

A + 20.5 months 

A + 2 4 r.:o n th s 

A + 2 7 mon th3 

A + 2& months 

A + 29 :"::Onth$ 

A + 30 months 



Telex No. 121 40320.48 

2254711 MAT H ryppr zzap en 

telex. 225471 mat h 

aluterv-fki 

budapest • hungary 

att. dr. v.mohar 

ANNEX "K" 

ref. to unido project no. dp/cpr/85/076 experimental tube di­
gestion of bauxite. we have received and studied draft final 

report. we found it correct and it can be accepted for final 

report. r.o comment and question necessary to be discussed in 
beijing. please take necessary steps in order to finalise the 

project according to the contract no. 86/JO. 

best regards 

mr. li yuanjie national project director 

14.12.1988. 
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