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-
syntheti= processes and procucts. 

This production is, howe•rer, not suitable for a s:::all-sc!.le operation or 

a piiot plant. It can never be the first ?roductior. in Bhutan or si=ilar 

3~t it can ce cor.siiered. :or 3h~tan after a ?eric~ o: at leas~ five 

to 4: en yea~s. ?i:~ this :;?""ocess a. ni:ctu.:-e of g--ns:i::i ar..d silicate :laterials is 

necessary ar.d. all the co~ponents of -che Khotakpa :ni:!e can be t:.sed. 

in ord.e!" r.ot to consu~e an excessi•re a.moun".: of nigh ~-g4~ :::;;J---- materials, which a!"e 

the or.ly ones usable for other tj":?ez of ~an~facture (see ta~le 2), stockpili~g 

of high-grade Ca.SO., (dihydrate and anhydrate) is !"ecom=.ended. in spite of t!:.e .... 

The sulphuric acid/cement line can use all ~aterials of the deposit 

whereas other prod~ction lines use or.17 one part. Because the first product 

cannot :e ce:ier:t and s1.D.ph1zic acid, one has to start -.-ith t~e other products 

~ut di~fe~ent stockpiles should be =ade ~er the f~ture. 

The bur::ed g:rpsi.l!:l line t .. .., ,..., ty~es. is 

Tee prod.u-:t is a :i:ass product, but in so::.e cases it is possibJ..e to ::::;.ake a. 

?::.edi:.o-sc:s.:.e !'a.ctor:r, seldcti a. s:::.all-sca.le fac-t:o::-;r. 

p:!..a.s: e~:c ~!91.s, 

is the i:::.ustr-y. S1~ce 
. . . :an ce ::::i.a~e i~ a 

ket~:e, tcis process is especia.117 suitable for a pilct ;r~d.uc~:on. 

!he s::-cs.lled wet burned. gy-ps::= is a.l· .. -ays burned. under ;ress:..ire, r::.ostl7 in 

ca~ be soli all •'r.e ~~rl 4 (se0 ·a.~1~ ~~ 
'"' .. ft• ... - ~ .; - G: " • 



l 11 1·lhhu.:l 

l• r;-~~-l~sc~lll',out 
l..lu.·ua11.:L&l p1·u~11~ss1n~ 

"''ili.l,ug 8.l11HH=S 

Si.:ulpllH. slu&h.'~ 

w .. 11 pl"' cs 

Ccu.__! "t •&t.IJ it ivc 

Whi l" 1• i j;"'""l s 

~· i I le• 

~c1lili~cr (so
4

) 

a·t~stc& ""'' J,~r ivc,I 
1•11>Juc ls 

UcmihyJ1·atc (pl it::il ·~·· 
ut l';nis) 

At 1>1oa anJ '""" pl u sl" 1· 

l>lod<s 

rl a::;.lc1· pan•" ls 

111 l itSl c1·bu~.uJs 

SI i1 .. :asl ini; pla!ilcl" 

Huul,lin~ pl••~•tt·• 

Hc•h•·iual a11J <lcul"I 
t11la~tcl' 

l.aq-tc- scd le ch~•h:d l 
iuJu.sta·y 

,~c!M&ll!Ul 4*UJ SU ... h lU· i C 

.a~ .... 

l.iwc an•I su lpl1uric 

at:iJ 

A1H1t•unlt111t su lphJlt! 

Kcl"livc 
1111·ut l l 

~ ..... 11 

Smal 1 lo 
UH!'-1 iuu. 

Sou;o I l l .. 

Mil!'''""' 
S••"'' 

H.,Jiu• 

Ht·iaiun1 

Su1a 11 

HcJilnn 

He1liu• to 
l> ii;. 

.... J ..... 

H.,Jiu"' 

Ht!t.lium 

M,..:i.\iua.t. tu 

hii; 

II i ~'. l u 

vcoy t..ii; 

H,!Jiuttt 

M,~d i um 

~lcJ iu"' 

T~ttdc 2. ThC' S4.'.0P'-~ ut ltu• itulu:.t 1 iat use ol ~YIUiUIH 

Type o( rctw material 

E:>l imatcJ 11ccdt'd ( 1111 • di hydral" 
._. • u hcmihy,lrJtc 

~~plaster ut Paris) 
l~lW matct litl 

11ccJcd 
(1 .. u,;/Jay) 

I - 'lll 

I -'>ti 

I-:! 

':.0-:!00 

I- Ill 

I - ·,o 
:!U- IOO 

'.l-100 

~-100 

'>O-lllO 

)0-100 

~-Ill 

Ill 

0.1-111 

~uo-llUO 

IUO 

1110 

I llV•!Slm~ut 

Vc1y Sltloil 11 

Very s111a 11 

Sua..11 l 

Ht.·tlium 

Ho'<liu1M 

th~ll i Ulft 

tlc•liuu1 

Hc•liu1u 

Vci·y suw 11 

Very s1ual I 
MMal l 

Vi'ry i.ii: 

Smal I 

~ ....... 
Vci·y :>mal I 
lo 111cdiu111 

Ve o·y bi1: 

Vco·y hig 

Vc1·y t..ig 

lO 

H•11 kcl 
(,.tot i 1u.at ,!,t) 

ln•lill 

I 11•1 ill 

J1u.lil' 

Ju,li•t 

l 11J i<t 

J1uli.:1 

l nJ i" 

l\hul au ""'' 
l n,lia nc.:u· 
bonier 

llhut an ;rnd 

l 1HI Lt '"~~ .... -
bo1·J,•r 

llhul all mul 
lndin n~u1· 
border 

Hhutan nmt 

l nJ ia llCilr 

l>onJ~r 

J1hli.;1 

l ud a., 

Wo1 l•I· wi1t.· 

lu,1l,a 

l 11•1 i a 

I 1ul ia 

1111 " ll A W 

" x 

x x 

x 

x x 

x x 

x x 

x x 

x 

x 

x 

x 

x • " 
x t " 
x • x 

>< x 

" " 
x )( 

-------··--------

x 

" 

Hunpowc!r 
(111.,Jium 

autom~lt iz11l iun) 

HeJ ium to h i•~h 

Hed iulH to hi!lh 

~l<!d iu111 

Ht'd imn 

Low 

I.ow 

I.ow 

Hci.I ium 

Hediu1n 

Mt'dium 

Med iu111 

I.ow 

I.ow 

l.uw tu 1Mct..l ium 

Hr.i.llum 

Ht.:d iun• 

Medium 

f.ncq;y 
c un smnpt inn 

V<'ry luw 

Very low 

V.;1·y low 

Cr1ttlc of l "'"' 
sp.,cific 

knmrhow """d'"' 

l.uw 

l.1>W 

V>!l"Y low to low l.uw 

I.ow to Htt!Jium I.ow 

l.uw Ln mc'-1 i um l.uw 

I.ow l• medium I.ow 

H~J iut• fokdiu1P 

Very low I.ow 

I.ow ~h<J iulA 

l.nw 1ti1:h 

I.ow I.ow to m1~d i u1• 

1.uw I.ow to llltHlirnN 

luw to 11u~J i u1M l.nw lo nu~·• i u1M 

II i t~h II iv,h 

V<!ry hi~l1 lliv.h 

V1Hy high Iii 1:h 

'" 

~ 

_J 
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C. Raw ~YIJSU::::. line 

The first 1..;.se of ~su: in 3huta.n will be as a ce:::.ent aiditi.ve. Sir.::e 

the ce=ent pla~t ~ill tend to ~se cnly tte pa:-t of tte de~osit vi.th the 

If ~ossitle, t~e p:a~': 

I~ the case ~~ 3h~:a~ 

na::ura.l anhydrite can onl;i be used. for ce:n.ent/sul~h•.iric acid. line or for 

building stones, not for burr.ed gypst.U:t. If anh7d.rite is used, trans~cr~a.tion 

•.rill be =~ch easier =ecause anhydrite contains abo~t 2C per cent ~ore 

Cther va.ys cf using natural gypsum and ancycrite ha.·.-e been tried cut. in 

Eura~e a~i else~tere. T"ne production of building stones is an example. The 

~crkability of the soft :n.aterial is ver7 good.. Also, it is possible t.o =ake 

thin and. t.hick, s=a.ll and. big plates for decoration. A..-:i it is especially 

fa~ =ski~g alabaster objects, which is a big ha~dicr~ft ~arr~~actu~e. 

~rea.r::.y 3, 000 ~ec:;:le live from this l:anC.ic:-aft in I~aly a:i.d. tee prod.l,..;.cts a=e 

use as fert.ilizer. 

III. 

3e~ause of tr.e simple ~ature of the =a~ufac:~e o~ 

:;:r-:!9i. :a.:le, 

' --" 

a:.:. 



IV. PRIOR!TES !'CR TE GY?St1·!-3ASED nmuS'rSY rn BF.JT~lr 

(b) Sto:.e •..-all plates, are easy to Ca:!d., 

(c) Alpca plaster afte!" one year (inYestr:i.ent needed. $US o.4 to o.E 

!!lill. ic n) ; 

(e) Cenent-sulphuric acid line in connection ~'"ith a:nmonium sulphate 

lfoe. ?or 'this p:::-oduction tl:e conS'..option of ~..-e:::- is enor::i.ous a!ld. 

hydroelectric ;ever plants will need to be established. There is no't nuch 

li£.eliC.oo:i of being able t.:i sta::-'t this line • .. '"ithfa the r..ext fiYe ;rears. 

Ir.. :;rd.e:::- to pro:!ote a stage-by-stage d.evelo~::iei::.t of gj-;su:::-cased 

ind.us-:::-ies i:l 31:.utar. tee assistance cf tae follo•,dng ex~e!"ts is nee·!e·:i: 

(a) ':'he ex;e!"t •.r01..!.li study the ::!arket fer g-,nsui:., 

plaster and. the pr:;ducts based on these t~o t:ate:::-ials beth in Bhutan and. in 

In:.i~; 

(b) E.:c-oert in a.laOaste~ ha.~dicrg,ft. The expert with experience in 

the ca::•:ing of a.:..aca.s-:e!" prcd-.~c~s - cotn :nam:.ally and ::echanically - sho1.il1 

ex~cr-:; 

• 

of ?aris a:.:. of ie::::red. products, s:.ich as :;;ia.r.els, 'bloc~s :m:i :ieul:iir:g pla.s:.e::-. 



Muiu pO~i:Jl lii Ii t.ies in ll l~.vpsum-husetl i11du~;t.r.v: prodw:t..s 11111.de or l'fl.W gypswn 

Sulphudc acid line 

Cc:ment 
:.ulphuric acid 
(Muller-Kuhne 
pi·ocess) 

lwnonium sulphate 

ltuw muterial: 

- Haturtt.l anhydrite 

Sulphuric acid 
or so2 

Overburden + phylli tes Anunoniwn 
- Mixed •aterials or lov-grade 

materials consisting of 
dihyth·ate, anhydrite and 
phyllite 

llry burned "' in kettle, rotary kiln t:tc. 
\let burned "' in an itutoc lave ( urule!' v11pour pressure) 

CaO(Ca(OH) ) l 
Lime-sulphgri c 
ac1n 

Medium-grade gypsum 
(dihydrate, anhydriL..:) 

[ Mine I 
Dig blocks~~~~~~~~~~~~ 

Small blocks~~~~~~~~~~ 
I 

Splinter 

Powder~~-+---~~~~~~~ 

Burned gypsum 
line 

Burning 

,., 
li-llt1•1i hydrate 

(Pla:.ll·r ut' Paris) 
a-llemihydrate 

Building u:;e:; Medical 
Wall blo::ks Dental 
Plastt:r boards Models 
Plaster mortar Slip-casting material 

Reuctions: 
180°C 

Caso42u2o CaSOlil/2112 0 

+ l l/211 0 
Dihydrnte Hemihydra~e 

l-~=-~ypswn line I 
Building material 
+ Sculpture material 

~Small wall plates 
"Alabaster" products 
Additive for cement 
manufacturing 

White pigments (Colour) 
Raw gypsum fertilizer 

...... 
t-' 

_J 

~ 
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