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synthetiz processes and products.

This production 1is, howaver, not suitable Tor a small-scals gperaticn or

a piiot plant. It can never ke the first producticn in Bhutan or sizilar

4 - v I3 el = e I S & T+ &3
scuntries. ut 1t can te comsiiered Jor 3nutan zafter a rericé of at lsast Jivs
P > - . P - - T A =~
Lo ten yeazrs. Ior thls Drocess 2 mixture of gyrsum and silicate materizls 1is

recessary and all the componenis of the Xhotakpe mine can be used. However,
in order not t0 consume an excessive amoun*t ¢f high grazde materials, which are
the only ones usable for other type:z of maaufacture (see tadle 2), stockpi

of high-grade Caso; (dikydrate and anhydrate) is recommended in spite of the

additional investment and cperational costis.

whereas other production lines use only one part. 3Because the Tirst product
zanot te cement and sulphuric acid, one has tc start with tiae other products

but differant stockpiles shculd ve made for the fuiture.

=

= - - - eaninl e 3 PEELYS : :
ressyre Or FATIUY preSS’Je. The raw matarizal 1s Turned in Little Tl2Ces 1 2
wArgwes £15 - - g - vdaw S et = A % S *ema D Taryevemas rem @it Sors MAa 1l as
rotvary Li.n Cr 2s TCwWaer 1ol Tlg TCUS. .2ese /=25 QI gurnaz oSl 2re calld

. : . . s . - . - . .
mediun-scala fzctory, seldem z sma2ll-gczle factory. Flates, parvertoaris,
- - - 3 - L 2 - . = e ., L) -
vlastertcerds, 3oTricks and mertar can be zade from the teta heminydrate. I
P e 7 p : & oy i134 T3, . 3 haka memea. 3 a8 d
1s the tasis of builling materisl industry. Since teta gyrsuz zz2n te made in 2
T g ded T 1 - - g T o~ < . S o b - -
little x2%tle, tkis process is especially suitable for a pilet tlant croduction.
- 3 - o : . = P
The sc-called wet burned gypsum is always burned under gressure, mostly in
- T a- - 2% b/ - < - o 3 - a7 TN - 2 4
autoclave treating lscks with dizmefars 27 approximately 10 fc 20 21 in steex
- . 2 . . s . fea s
ausoclzras 3T 2 zamperaturs of aicus 13070, After turning tias pisces zre zillsed

ndusiry.




Table 2.

The

scope ol

the

industrial

use ol pypsum

Pruduct

Estimated
raw waterial

Relat ive needed

Markel

Type of raw material
neceded (DI & dilydrate
a = u hemihydrace
g = plaster of Paris)

Manpower
(medium

Energy

Grade of the
specific

Diiect use wi thout
chemical processing
Buildiug stounes

Sculptor stones
Wall plates

Cement additive
White pigwents
Filley

Fertilizer (sul.)

Plastey amd derived
products

Hewibhydrate (plaster
of Paris)

Alpha and beta plaster
blocks

Plaster panels
Blastevbomds

Slipuast ing plaster

Monlding plastes

Medicinal and dental

plastev
Large-scale chewmical
industyy

Cewent and sutpliwic

acad

l.ime and sulphuric

acid

Awmoniwm su lphate

profit (1ous/day) Investwent (estimataed) M oa 8 AW automat izat ton) consumption know-how needed
Swalld 1-50 Very swall Tadia x x Medium to high Very tow Low
Small to 1-%0 Very swall Todia x x Medium to high Very low
wasd 3o
Swall to 1-2 Small India x Mediuwm Very low Laow
mod lum
Small 50-200 Me-dium Tadia x X Meed ium Very low to low lLow
Med ium - Medivm fudia x x Low low to wmedium l.ow
Mudivm 1-50 Mud i um Tadia X x Low Low Lo mediam Low
Small 20- 100 Medivm Twdia X x Low Low Lo medium Low
Medium 5= 100 Mo um Ehatan awl x Medium Med i um Med i um
tiddia near
border
Medium to S-100 Very swall Bhutan and x Medium Very low Low
big India near
barvder
Medium S0- 100 Very swall to WMatan and x Medium Low Mesd i uin
swmall ladia aear
border
Hediuwm 50-100 Very big Bt an and x Med Lum Low High
ladia near
barder
Modium 5- 10 Small fndia PEE Laow low Low to wediam
Mudium to ta swall Tadia X ¢t x Low Low Low to medium
|)|H
Big Lo 0. 1-10 Very small Wor L widde X+ x low to medium Low €0 medium Low to mediom
very big 1o medium
Meod dam S00- 8O0 Vary big India X x % Mezdd i um Nigh Wigh
Medivm o Very biyg Tudia x x % Hediuw Very Wigh High
Med Tam 100 Very big Tudia x x Hediom Very high i gh
- . L L]

(¥4
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C. ZRaw gypsuzm line
The first use of gypsum in 3hutan will te &85 a cexmert additive. Since
the cement plant will tend to use cnly tha gart of the derosit wit:z ths
nighest sulzhuric content, cn2 pas 0 pay attention. If rossitle, %le planc
should sell annydrite of nigh surity and not dehydrzte, whick coull ze usesd

much detter for zlpha or tetz durnsd gypsum products. In the case o Shuitan
metural ankydrite can only ove used for cement/sulghuric acid line or for
building sitones, not for burred gypsum. I anhydrite Is used, transgertaticn
will te much easier tecause znhydrite contains szoout 2C per cent zore

sulrnate, whereas i2pyirate contains 2 molaculas of water.

Eurozre and elgewhere. Tre production of tuilding stones is an example. The

workability of the soft material is very good. Also, it is possible to make
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co
geed for making alabaster objects, which is 2 big hendicraft manulzcture.
Nearly 3,000 peczle live fromp this tandicraft in IZaly and the products are
sold 211 ovar the world. 3Because of the simple nature of the mamufaciurs of

alatastar articles they couli soon be male in Bhutan, iIf cne or two Znutansse

were sent te Italy, the censre of this handicraft iz Zurope. Another zraducs
of nasural gypsum and zpkyiricte Is 2 white pizment. In the pilet slant of
alrha gypsum the white pigment could be produced tco, as well as powisr for
use zs Tertilizer.

ITI. 7THE 3CCPZ CF TEE ILIDUSTRIAL U3Z Crf GY2SUM

Tebhle 2 shews the iIf rent gyTsum-besed products and related

- TNt s - T - R 3 . - - = -
schnelogiss. The alphe gyTsum 2nd raw Zypsum linss are i

< s T - - - PR ~ T MRS A~a= VAMIIT Y et A

special interest for 3Bnutan. Th2 alzha gyTsum iline d22s nct radulre zuch

invastigazion, is highl

- - - < -
wne Tonnage s o




IV. PRICRITIES FCR THE GYPSUM-3ASID INDUSTRY IN BEUTAN

The “ollowing prioirities should be established:
(a) Cementary additive us2s;

(0] Stoze wall plates, wnich ars easy to saw 3y hand, and alataster

mardisra’s, for which hardly any inrestment is necessary;

-~

7 3 -~
(i) Beta plaster znd piaster oI 2aris after about thre2 years;

(e) Cement-sulphuric acid line in connecticn wiih smmonium sulprate

line. For this production tke consuzption of gower is enormous and

hydroelsciric gewer plants will need to be established. Therse is not muck
1irelincod ¢ teing able to start this line withain the next Jive years.
V. DPIOOMYENTATIONS FC2 FURTHZIR TICENICAL ASSISTANCE

Ir arder “c prozote 2 stage-by-stage davelogment of grpsum~-tased

industries in 3tutan the assistance of tae following exgerts is needed:

the carving ¢ alatastar producis - =0t manually and mechanicelly - should
2




products mande of raw pypsun

Maia possibilitics in a pypsum=based industry:

Plaster mortar

Slip-casting material

Mine
Big blocks
Emall blocks
Splinter
Powder
‘L l I
Burned gypsum R 1i ‘
Sulphuric acid line line aw gypsum line ‘
l ‘—>»Building material i
= ; + Sculpture material |
. CaO(Ca(OH ]
Cement lphat ; !
s:lphuric acid Ammonium sulphate Lime-sulphiric Dry et -
{Muller -Xuhne acia :iﬁmall vallglates -
process) Alabaster” products \
Additive for cement
. Burning manufacturin
Ruv material: Sulphuric acid Medium-grade gypsum ) g
i drite > . .
Natural anhydrite or 802 (dihydrate, anhydri White pignents (Colour)
- ura Raw gypsum fertilizer
Overburden + phyllites Ammonium 4
- bﬁ:ed.u:zeri:§?52§nlo:;grade B-Hemihydrate a-lemihydrate
materials co & Plaster ol Paris
dihydrate, anhydrite and { o )
phyllite
Building uses Medical
Wall blocks Dental
Plaster boards Models

bry burned = in kettle, rotary kiln etc. Reactions: 180°C
Wet burned = in an autoclave {under vapour pressure) CaSOh2HQO ——————) CuSOul/euzo
+ 11/21,0 ‘
Dihydrate —_—y uemihydrn%e
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