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TES'I‘ING OF A NEW PULPING PROCESS (AMMONIA ™~ OCESS)
FOR AGRICULTURAL RESIDUES , {

INTRODUCTION

The testing of a new pulping process for agricultural residues, project

kRAS/?S/lSB was carried out at the Cellulose Research Institute, Bandung, Indo-

nesia at the request of UNIDO, to study the various possibilities of the proceés.
Work was started on 17th June 1981 and concluded on 27th August 1981. References

used in carrying out the experiments were :

1. A letter, dated October 1979, from the UNIDO to the Secretary of th. Co-
ordinating Committee for International Technical Cooperation. '

2. The contract signed by the Cellulose Research Institute.

3. The note for the file from Dr. M. Judt.

4. Claims made by the inventor in his publications and patents.

5. Our own experiences.

6. Reports of other researchers.

The claims made by the inventor were not supported by experimental dJata sothat
this was not available for reference up to the end of thg experimental work.

Most of the experiments were performed on rice straw, since this is considered
the most potential agricultural residue in developing countries, especially in
Asia, as well as the easiest raw material to pulp. Tests were also carried out on
bagasse, but not as extensive as on rice straw. The pulping on bamboo was made
just to demonstrate the different responses of this raw material on ammonia and

snda pulping.

Special attention was paid on the recoverability of ammonia from the black

liguor.

The work performed for evaluation of this process were more extensive than
planned during early negotiations in 1979 as well as according to the contract -
signed. It is regretted that the inventor did not come with any data from his own

erperiments and was lacking in using a scientific approach in his methods.

It is hoped that this work could in some way be useful in showing the advan-

PP
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i un well as the disadvantages of the ammonia process.




MATERIAL AND METHODS

Rice straw and bagasse were mair’y used for the experiments. The rice straw
came fram rice fields near Bandung which were harvested early May. The bagasse
came from a sugar mill in West-Java which arrived in mid-June. Part of the rice
straw was depithed to a yield of 84.4 8. The bagasse was also depithed and the
yield obtained was 66.4 %. Bamboo chips made by hand was also made available for
the pulping test. Technical grade ammonia (25% NH3 content)and caustic soda (96 -

88 %) were used as cooking chemicals.

The pulping experiments were performed in tliree different kinds of stainless
steel digesters : (a) digesters of three liters capacity rotating in hnt air, (b)
electrically heated digesters of four liters and (¢) one gas-heated 15 liters
tumbling digester. The digesters of four liters and 15 liters were equipped with
valves for gas release. The ammonia process and the soda process were applied at
various cooking conditions. After the cooks, the pulps were run through a refiner
at 70 mils clearance to help defiberization, then washed and screened on a Sprout
Waldron screen. This is the standard procedure applied at the Cellulose Research

Institute for chemical pulp.

The pulp evaluation was carried out by beating in a Niagara beater of 10 li-
ters capacity. For small samples the PFI mill was used for evaluvation.Sheets were
made in a British Standard sheet-former and the sheets tested for its physical

properties according to TAPPI Standard Methods.

Sume of the pulps as well as the raw material were analyzed for its chemical
composition. Microscopical studies were alsc made on some of the pulps and the

fiber dimensions determined on the raw material.

The black liquor was examined for its ammonia recoverability and solid con-
tent. Some of the pulps were bleached with hypochlorite in one stage or with CEH

in three stages.




RESULTS AND DISCUSSION

1. Fiber Dimensions

The fiber dimensions were determined on the various raw materials used for

R pulping.
. straw bagasse bamboo
Average fiber length, mm 0.88 1.12 1.97
Average width of fibers, microns 10.1 14.0 19.9
Average fiber wall: thickness,microns 3.6 4.4 4.7
lumen width,microns 3.9 5.1 . 5.4
Fiber length, mm
minimum 0.37 0.62 ' 0.92
maximum 1.75 2.50 3.70
average 0.88 1.12 1.97
Fiber diameter D, micron 10.1 14.0 19.9
Lumen diameter, micron 3.9 5.1 5.4
Fiber-wall thickness, micron .1 4.4 4.8
= 87 . 80 99

The straw has very short fibers. The bagasse fibers were short also, while the
bamboo fibers were of medium length. The bamboo fibers have the highest length
to diameter ratio giving it a better apportunity for felting.

2. Digestion
Straw

The ammonia process was applied on straw at a rather wide range of diges-
tion conditions. Ammonia solutions of 1 - 4 & concentrations at raw materjal
to liquor ratios of 1 : 5.7 to 1 : 11, .sothat 7% to 45% .ammcnia. based on
xaw.. material. .were . used for the digestion experiments. The temperature
for digestion was varied from 120° - 1450 C at 30 - 120 minutes.During cooking
in the electrically heated digesters (cook no. 1 - no. 12) the time to reach
maximum temperatures varied from 95 - 220 minutes Gue to some defects and dif-

ficulties to control the temperature. These digesters, however, were equipped




with valves for gas release, making them aj:propriate to study the ammonia re-
covery by gas release. The temperatur: when cooking in the rotating digesters
heated by hot air were easier to control. The cook numbers in these digesters
were written in roman numbers (I - XXXVII etc.).

Cook no. 1 was a preliminary cook using 17.5 % NH3 based on raw material at
135° digestion temperature for 45 minutes (Table 1). A total yield of 53% gave
a very low screered yield (13%) at a kappa number of 42. A higher liguor ratio
(11 : 1) for cook no. 2 was then used sothat 44% ammonia based on straw Wwas
applied. A lower total yield was obtained (48%), the screened yield highly im-
proved (32%8), but the kappa number fell in the same range (39). By increasing
the digestion temperature and prolonging the digestion time (no. 3, 4), no im-
provement was made. Longer digestion time lowers the yield and a slight in-
crease in “he kappa number is observed. When lower amounts of chemicals was
used during digestion (no. 5, 6, 7) the adverse effect of high temperatures
(145 - 150) on the kappa number is more pronounced, givirg a screehed pulp with
kappa numbers as high as 80. Cook no. 1 to no. 7 were 'ande on undepithed straw.

For comparison a soda cook ¢as made (no. 8) using 10% caustic soda based
on straw, at 135°C digestion temperature for 120 minutes.The liquor ratio used
was 5.7 : 1. Total yield obtained was 46%, and the scrreened vield 45% at a
kappa number of 11.9. This shows the large difference -in cooking behavior bet-
ween the ammonia and the soda process. In the ammonia cooks even large amounts

cf chemicals used were not able to give an acceptable bleachable pulp.

Cooks no. 9 ~ 12 were made at low chemical concentrations, 7 - 14 % Nhj
based on straw, aiming at a semi chemical pulp. The kappa numbers fell in the

same range even if the digestion temperature was lowered from 135% to 125°c.

Cook no. 13 was made in the 15 liters gas heated digester,in an effort to
scale up the experivents. The screened accepts of 40.25 % were obatined by
running through a :efiner with 70 mils clearance. The second accepts after re-
fining at 20 mils clearance twice was 18.39 8. During the cock the pressure
rose to more than 10 kg/cm2 sothat the gas had to be released a few times to
maintain 10 kg/t::r.z working pressure. Cook no. 17 was aiming at 125°C digestion
temperature. This temperat\n"e was however hard to maintain and rose to 143°¢C
at the end of the cook . This was also observed on cook no. 5, which reached
150°c.




Table 1.

Digestion conditions on rice straw”

! ! ! ' Liquor 'Chesicals)fax.'Nax, !Time tolTime at! Pulp Yield ! Kappa
ﬁ:ok= u::lal 'Process) ::::::r i conc, Eon bd rn!lnpi?ross.i sax, E Bax, E’htal}Scruudinu-hcr on
" ! H H ! matertal} ! ! teap. | temp. jyield) yield ! Screened
B 3 K H 3 g 12 19 tg/caliminute dainute } 1 Y 1 ' pulp
1. Stra NH, .5:1 .n 17.% 1% 5 95 5 5.1 13 M6
- (undepi thed)
2, Strew By 11 1 MO L1} 1% L4 13 45 48,23 3217 3919
{undeplthed)
3. Strm M3 10.6:1 3,93 M5 W 8 139 90 48.52 31,96 43.32
(undepi thed)
A, Stra 3 8.6:1 AH 42 W 8 15 120 5.7 30.48 46,42
(undepV thed)
5. Strav N3 5.7:1 1.6 .77 1% - 170 80 5,60 34.43 74,64
{undepi thed)
6. Strw NH3 5.9:1 2.4 nSsS W 81 20 120 56 2T 78.85
{wndepl thed)
1. Straw M3 5.9:1 348 20.5 W5 8.7 160 130 S6.9% 27,45 62.32
(undepl thed)
8. Stra NDH 5.7:1 - 10 1% 6.7 1% 120 5.7 AT N9
( dopl thed) :
9. Strav. N3 51:1 2.4 13.7 1% 6.8 105 120 56.28 1Z.2 5.3
(depithed)
10. Strav NHy 5.7:1 1.8 .3 1% L6 170 90 53.80 49,99 67.15
(depithed) -
11, Strav i3 S.7:1 1.2 .2 13% 8.1 10 .. 90 58,33 58,03 6437
{depithed)
12. Steaw M3 5.7:1 1.2 7 125 5.8 190 90 55.571 53.46 65.76
(depthed)
13, Straw LX) 5.9:1 3.06 7.4 130 10 130 120 59.05 40,25 86.19
(depithed) 18.30
i1, Stra N3 8.1:1 i3 %9 15 8.9 120 90 55.1 53,12 56.2
(depithed)

© Digestior in electricaliy heated shaking digesters of & liters capscity.




Cooks no. 8 - 17 were carried out on depithed straw. The ammonia cooks
gave pulps of 55 -~ 59 % yield and ©5 - 75 kappz numbers. These pulps were
treated as a8 semichemical pulp by running through a laboratory Sprout-Waldron

refiner at 70 mils and twice at 20 mils clearance.

Results of cooks made in the rotary digesters are shown on table 2. The
digestion conditions here were easier to control and maximum temperatures could
be maintained at the desired time. Cooks no. I - XII were treated like chemi~
cal pulps. the screened yields of the ammonia pulps were low since they should
actually be considered as semichemical pulps. The kappa numbers were between
40 - 50 when 6 - 17.5 % NH3 based on straw were used in the digestions, at
135°% and 125°c digestion temperatures. At these temperatures soda zooks using
10% NaOH based on straw could give 45.4 % and 25.5 % screened yields at 14 and
22 kappa numbers respectively. They could be considered@ as chemical pulps.
Digestions with cook numbers XIII and higher were treated as semichemical pulps
by additional refining at smaller clearance (20 mils), sothat high screened
yields were obtained. The total yields of cooks with deoithed straw were

higher than when undepithed straw was used.

The soda oprocess applied for comparison, showed that it could give a bet-
ter delignification than the ammonia process, giving bleachable pulps when 10%
NaOH'b‘as.ed,'dn straw was.used. To make a better comparison a semichemical soda
pulp should be made which could give similar properties as the ammonia pulp.
This was obtained with cook no. XV (5% NaOH, 120°C) which was similar to cook

no. XVI (24.4 % NH3. 125°C).

Since high temperatures affect ammonia pulping adversely as shown in ta-
ble 1, special attention was paid on digestions at 1low temperatures. Resul’s
showed that no improvement could be made when low amounts of chemicals were
used in the digestions. At hign chemical concentrations (cook no.XXVII),35.4 %
NH3 on straw and 125°C digestion temperature a relatively low l.appa number was
obtained. Cook no. XXVIII was a duplicate of no. XXVII to test the reproduci-

bility (not shown on table 2). Results were very similar.

The lowest kappa numbers (26.3) were optained on cook no. XXXIII, XXXIV
and XXXV which were made at similar cooking conditions with good reproducihi-

lity also. The average values are shown on table 2 on cook no. XXXIII, 43.7 %




Table 2.

Digestion conditions on rice strav’

! ! ! !LiquoriChenicalsiMax.! Hax. !Time to!Tine at! Pulp Yield ! Xappa
Cook ! Rav » ; Liguor | conc.jon bd rav]lesplPress.) max. ! sax. Jiotal}Screensd!nusber on
rocess
N a0, | material ' H ratie  } ! saterial} H ' Temp, ' Temp, :yie\d; yisld ) scresnad
—t * H rr oy g 1o {kg/cnzgninuto ‘minute } 2 Y T ' pulp
. ( Stray NaDK 5.1:1 - 10 135 90 120 8.0 45,5 1%
{undepi thed)
T Strav NH4 58 :1 1.3% 7.9 13 1] 120 56.4  14.03 41,6
{undepithed)
] Strav N3 57:1 3.1 17.55 135 90 4 62.8 12.7 39.9
{undep) thed)
n Strav NaOH S5.7:1 - 10 125 80 120 4.3 255 2.5
{undepl thed)
¢ Strav NH3 3.717:1 2.8 13.79 125 80 120 56.02 6.98 421
(undapi thed)
Vi Strav N3 8§ :1 1.1 13.92 125 80 120 80.6 5.3 40.6
{undepithed)
¥it Steav ﬂHa S.7:1 1.1 6.3 135 100 125 5.1 1AM 5.1
(undepithad)
¥itl  Strse KHy 8.7:1 2.03 1.6 135 100 125 #8.0  20.% M4
(undepi thed)
X Strau N3 5.7:1 2.8 16 135 100 125 52,1 22.0 M4
{undepi thed)
X Strav NH3 5.7:1 1.4 7.98 135 - 90 120 64.5 1.5 45.3
{uudepithed) ..
X1 Strav NH3 5.7:1 2.4 13.96 135 90 120 58.8 18.3 42,2
{ deplthed)
Lt Strav NH3 57:1 3.5 19.9% 135 90 120 58.2 18.9 46,2
(depi thed)
XIv  Straw Mi3 5.7:1 1.% 1 125 85 45 72.3 58.97 58.9
(depithed)
XItE  Straw NH3 5.7:1 10 15 85 90 6.2 55.07 61.4
(depithed)
Xy Strav . NaOH 5.7 :1 5 120 80 9 62.6 ©61.08 40,3
{depithed)
W Sirey ﬂH3 S.7:1 2% .4 15 80 90 b63.7 56 39.9
{depithad)
¥l Steaw LL] 9.7:1 41 3H.y 125 % 30 50.7 41,6 3.8
{undepithed)
. XA 1% iray MH3 8.8:1 4,02 W71 15 i) 70 5.4 38,7 26,3
(undepi thed)
XXVIf  Straw L] 8.6:1 4t 5.4 15 % 90 53.6 46.3 20.4
. (undeptthed)
. VL Stea Wi 10.6:1 432  45.8 130 A5 A68 45,1 W6
(deptthed)
LIVIL Steew NOK 10,6 : 1 & roos 120 56.2 68.7
(undepithed) tenp
XEXYL  Strsw Wiy 106 : 1 4.01 rooa 120 64.7 65.1
{undepithed) tenp

© Digestion in rotating digesters of 3 V1fers capacity, heated by hot air
o= The average of three digestions,




NH3 based on straw was used at 125°C for 70 minutes. A shorter time seem not
to be adeguate (no. XXVI) while a lounger time could also affect the pulping

adversely.

Ammonia pulping at room temperature which was attemped on cook no. XXXVI
seem to be inpracticable since the pulp obtained were not defiberized but

ground into dust.

Bagasse

The pulping experiments cn bagasse is shown on table 3.The effect of time
temperature and chemicals used could be seen from this table.It seems that the
ammonia process could not give any acceptable bleachable pulps, even if very
high amounts of chemicals were used during the digestion.Cooks at high and lo-
wer liquor ratios gave similar results,contradicting the claims of the inven-

tor. The kappa numbers of th_. ammonia cooks were extremely high.

The soda cooks made for comparison using 15% NaOH gave kappa numbers in
the rénge of 22 - 26 and were treated as a chemical pulp. Even if a higher
amount of chemicals and a higher temperature was needed than when digesting
straw to obtain a satisfactory bleachable pulp, here‘again the scda process

proofs to be superior in its delignifying action than the ammonia process.

Bamboo

Experiments on straw .and bagasse by the ammonia process showed that this
process delignify with great difficulty plant material of open structure and
accessibility. It would therefor be inacceptable to use it for bamboo. Cook no
18 support these findings. Treatment of this pulp as a semichemical one for
defiberization similar to straw and bagasse gave a very low screened yield
(13.7 %) at a high kappa number (151).For comparison purposes the soda process
was applied on bamboo using 18% NaOH,at 168°C digestion temperature (no.XXXII).
A kappa number of 41 was obtained.

Bleaching Experiments

The pulps obtained by the ammonia process were mostly dark in coiour.Some

of the pulps were bleached in a one stage hypochlorite bleach and a few in




Table 3.

Digestion condiiions on bagasse and bamboo

! ! ! LiquoriChesicalsiMax.} Kax. !Time to)Tise at; Pulp Yield | Kappa
i Rew =P ! Liquor } conc.jon bd rav]Tesp}P-ess.! max. } wax. }Total}Screenedinuaber on
v yrrocess, 1 ' to 1 ' ' '
! saterlal ) ) ratho )} ! matertal} H ! temp. ! temp. lyleld} yiold ! screensd
! 1 ' v g v 2 v O ikg/esCtatnute 'sinute ! X ' %t pulp
. % Bsgasse M3 65:1 233 151 1B 4.2 1 120 8.6 30.2 88.3
(depi thed)
15  Begasse NH3 6.5:1 338 2.8 1¥ 5.9 90 120 N 6k.é 125
{dopithed)
16 Bagasse M3 6,5:1 406 26.2 145 10 9% 120 68.6 60.3 131.4
{depithed) )
X¥iti  Bagasse WHy 106 : 1 432 454 130 B 120 7.3 4.8 1129
{deplthed)
44 Bagasse KHy 10.6 : 1 406 &3 140 S0 120 7.8  %.,3  107.1
{doptthed)
94 Bagasse NH; 8 :1 3.30 2.4 130 5] 45 774 554 116.6
(depithed)
XXl  Bagasse MH; 8 :1 330 2.4 130 "% 90 73.6 48.9 119.3
(depithed)
XNt Bagasse BH3 5.6 :1 406 2.7 W 9 120 7.7 4.5 119.1
{depithed)
Xtx Bagasse WaOH 5.7 : 1 15 10 I4] 720  55.8 37 26.2
(depithed)
XX Bagasse NaDH 5.7 :1 15 140 - 80 120 5.5 38.8 22.8
{ deptthed) =
XXI§} Bagasse MDH 5.7:1 - 15 130 1% 80 SA6 3.5 26.6
{deptthed)
XXIX  Bagasse BH; 8.7:1 A0 323 130 85 5 )8 5.8 1
(dapithed)
XEX§  Bagmecse N3 7.0 1 A0 287 130 85 5 N3 5.3 1207
(deptthed)
$33 Bzgasse W3  5.7:1 4.0 23.0 130 85 A5 a4 50,9 118.,0
(dep' thed)
18 Baoboo M3  9.5:1 3.98 368 130 180 804 3.7 15,

X3X§)  Bezeboo NDH  3.5:1 572 18 165 150 454 45,0 M

_




three stages by chlorination, extraction and a hypochlorite treatment. The
bileaching experiments were all performed on the accepted ifraction of the pulps

after screening.

The one stage bleaching trials were done at 5% consistancy and 40°C. The
time for bleaching varies from 30 minutes to 300 minutes depending on the raw-

ness of the pulps and the amount of chlorine applied as hypochlorite.

In the three stage bleaching experiments, the chlorination stage was car-
ried out at 25°C for 120 minutes, the alkali extraction stage at 70°C for i20

minutes and the hy ochlorite stage at 40°C.

The results c: the bleaching trials are shown in table 4. Brightnesses
between 70 - 80 % GE could be obtained in a one stage bleach by using 4% chlo-
rineon the bleachable soda pulp (no.I) and 27% chlorine on ammonia pulp no.l3.
The best ammonia pulp with the lowest kappa number no. XXXIII were bleached
with 10% chlorine based on pulp to reach 71% GE brightness. When the three
stage bleaching was applied on this pulp a brightness of 85.5 % GE could be

reached.

Pulp Evaluation ' o

The result of the physical evaluation of the straw pulps are given in ta
ble 5. The pulps are listed in groups having kappa numbers of the same range.
The physical characteristics of pulps unbeaten and beaten tc 40°-60°SR listed,
shows that for ammonia pulps these were on the low side.To reach a freeness of
40°SR some of the ammonia pulps have to be beaten for 40 minutes (no.10, 1317)

while for no. 8 soda pulp this was reached in 10 minutes.

For pulps with kappa number.- in the range of 40, cook no.. has the lowest
physical strength as well as the lcwest brightness. This cook was carried out
at a high liquor ratio (11 : 1) with 44% NH3 based on straw.The screened yield
without further refining (treated as a chemical pulp) was actually on the high
side. Even if this pulp was not well delignified some degradative action by
ammonia solutions or vapours must have taken place. Pulp no. XU is comparable
with pulp no. XVI not only in yield and kappa numbers but also in physical
st.xength. The brightness of pulp XV, which is a soda cook (5% NaOH) , however is
higher by more than 10 points compared to pulp XVI (24.4 % NH,3).




Jable &

Bleaching experiments on strav and bagasse pulps

Putp ! Type of }bd, ) iBleaching chemicals consumed, on ti-|Bleaching! Final !
$roB { yrau ! yield ! Kappa !nished bleached puip at 10L soisture! losses : bleached :Brighiness
cack ! satertal irav pulp} mo. ) Cly ! KaOH IClp (as nypo)} Tise 'Z on b.d.! yleld 1 ! Z6E
no. v 3oy v v 7 1 sicutes) pulp  1{10f moisture?
3 Steaw 48,52  +3.2 1237 [5] 8,93 49,08 58.75
{undepi thed)
3 Strav 48,52 43.2 21.90 150 13.12 46.51 68.00
{undepi thed)
LXVIL] Strev 53.68 21,04 13.42 130 9,48 5.00 18,00
{undepithed)
{/RaDK Stravw 48,37 14.26 3.95 60 8.9 48,93 12.30
{undepi thed)
B8* Straw 51.40 25,00 9.90 .02 51,96 1.10
(undepi thed)
Be Straw 5.40 25,00 4,82 2,02 5,04 10.72 50.89 85,50
{undepithed)
13 Strav 59.00 66,00 9.61 30 6.40 61.36 51.48
(depithed)
13 Straw 59,00 66,00 18,54 120 15.07 55,67 67.85
{depithed)
13 Straw 59,00  66.00 1.2 300 17,52 5,07 73,53
(depithed)
17  Straw 85.00 55,00 21.88 . 180 17.7% 50.27 63.30
(depithed) :
Xl Strav 55.50  46.00 7,48 2,75 6.43 18.38 50.33 82.30
(depithed)
XXV 2= Bagasse 79.31 116,60 26.81 120 16.90 70.26 60,10
{depithed)
YX$0% Bagzsse 77.76  107.00 15.3% 3.04 8.29 23.87 65,9
{depl thed

¢ nixture of pulps XXXII] o XXXIV » XXXV
@ bleaching carriey out on a fraction correspondiag to 73 1 of total yield,(accepted screened pulp)
oo Bleaching carried out on a fraction corresponding to 43 1 of total yield,{accepted screened pulp)




Table S

Physical characteris of strav pulps unbeaten and beaten to 40°-f P SRe

' 1Breaking] !

T 1 ]
Pulp fros YKappa ! ! Tear ! Burst | Jength ! Double}Brightness
took no. ‘nusber! ! factor | factor ! y Polds } GLE
1) [ [} ) L 1 1
2 39 2% Y 18 1700 1 29

A6 U 30 2600
5 22 N 3100

} 4 ML 22 43 19 200 2 A
38 40 27 3300 2
68 3 33 3800 2

Xy 40 2% L34 20 2700 2 %5
A0 N 2 4100 ?
62 38 35 4300 9

] 40 25 43 2 2400 2 LY

42 32 33 4100
59 ] 35 3700

7 62 29 38 2% 2000 2 2

3] 38 38 36"
61 28 # 3630 3
10 67 % 46 2% 2100 3 2

M M 3 4600 10
64 29 38 4400 i

X 61 22 A 17 1800 1 30
LX) 29 26 3400
60 2 3 3500

13 66 W 3% B 20 3 3
5 30 B’ 420

13) 51 97 & W 180 1 23
W M 3% 3800 6
60 3 30 4300




(continued)
Pulp froe EKappa ' Tear E Burst :B;::k::qs Double EBriqhtness
took no, nusber! tactor | factor | 9 ! folds G.E
] 1
A 28 23 3 28 250 1 38
42 3 38 3600 5
61 2 37 3900 g
Bleached 87 26 3693 5
26 30 42 28 3000 3 40
XXXy ) 8 L3 36 36 4200 )
60 32 M 4700 . 1
Bleached 36 K'Y % 3400 5 85.5
(3 stages) T M 5000 13
Bleached 33 38 29 3400 5 n
(% stage)
1.9 28 61 36 4600 87 o
39 52 50 6100 192
63 k-] 54 7300 532
14,3 3 A0 37 3900(_ 6 50
63 35 55 5800 4b
2.5 30 Y] 31 3500 5 42
5 49 53 5800 85
68.7 8 10 15 300 39
42 19 1 500
55 14 18 800
Blsached 32 3H 3500
(3 stages)

¢ The pulps uere beaten in a laboratory niagara beater and in a PF) ail)




Ammonia pulps with kappa numbers in the range of 60 ~ 70 were rather dark
as shown in group 2 of table 5. Brightness values were between 23-30 % GE. The
best strength characteristics are shown by pulp no. 10. A breakint length of

4600 m was obtained at 40°SR with 41 tear factor and 35 burst factor.

The pulp mixture A (XXVII + XXVIII) and B (XXXIII + XXXIV + XXXV) belongs
to the group with low kappa numbers. Pulp mixture B with the lowest kappa num-
ber of all the ammonia pulps obtained so far has also relatively good physical
properties in the unbeaten as well as the beaten state.Breaking length of 4700
meters and 44 burst factor was reached at 60CSR. All the ammonia pulps show,

however, very low folding endurance.

The soda pulps (8, I, IV) have superior physical properties compared with
the ammonir cooks as shown in group 4 of table 5. Despite the fact that straw
fibers are short, in the unbeaten state sheets of 4600 m breaking length, 61
tear factor and 36 burst factor could be obtained, with €7 double folds. By
beating to 63°SR, these would become 7300 m, 38 and 61 respectively. Double

folds amounts to 532 at this freeness.

Sheets of very low strength were cbtained fromcold soda p.lping.No sheets
could be made from the cold ammonia pulping. Evaluation of bleached pulps

showed that the strength properties were not adversely affected.

Table 6 shows the results of pulp evaluation tests on bagasse and bamboo
pulps. Bagasse and bamboo are better pulp raw material than straw. By applying
the ammonia process, however, pulps of similar physical characteristics as am-
monia straw pulp were obtained. The superior gualities of the soda pulps are
shown on pulp no. XX and XXXII. High breaking lengths (8000 m) and burst fac-
tors (65) were obtained from bagasse and bamboo soda pulps. The high tear fac-
tors of which were obtained on soda pulps, were completely absent on ammonia

bawboo pulp.

Chemical Apalysis

Tae pulping experiments made by the ammonia process seem to behave dif-
ferently from conventional processes as well as from claims made by the inven-

tor. To have a better understanding of the process and also of the pulp




Jable 6
Physical characteristics of bagasee and baaboo pulps

Breaking}

1 ) ]
]
Pulp fros !Kappa | © SR E Tear S Burst ! lenjth ! Uouble E Brightness
cook oo, number) ! factor ! factor | » ! folds | 6.t
Rzgzees
14 83 9 23 18 700 - 22
45 23 25 2600 2
66 Yyl 30 3600 ?
i5 $i5 10 ¥ 1 1800 1 2
40 5 33 5200 25
62 36 K| 5800 kE)
991 15¢ 13 2 13 M5 - 30
36 3¢ 19 2800 1
60 37 5 3300
TEZIX 130 1 K] 14 55 -
&0 'y 23 3000 3
50 & a 4100 3
X (adn) 228 9 6 k)| 3600 9 A
40 62 61 7900 342
63 3 65 8200 689 «-
Bechos
18 g 32 18 5200 - 2%
2 53 Vsl 2200 1
&9 60 20 2800 2
50 (eods) 7 169 28 2000 - 3»
52 148 67 8100 472
65 108 n 8500 5%




behavior, a chemical analysis was made on some straw pulps as shown in table

7. The raw material used for pulping was also analyzed.

The analysis shows that the ammonia pulps with kappa numbers in the range
of 40 - 50 contains 5% lignin. The sada chemical pulps on the other hand have
low lignin contents but high pentcsans content. The pentosans content of the
ammonia pulps were relatively low, ~~mpared with the soda pulps.This explains
the pulp behavior during beating. The ammonia pulps were rather hard to beat

and the strenyth developemnt was slow.

Pulp XV and XVI which were very similar in behavior during pulping as
well as during beating have also very similar chemical composition.Pulp XXXIIIX
mixture having the lowest kappa number among the ammonia pulp-s have also a
low lignin content. The kappa numbers and the lignin contents show good cor-
rellation. The adverse effects of high temperatures on delignification is
shown on pulp no. 5. A lignin condensation is probably taking place. Similar
behavior was observed on former soda pulping experiments on grasses when al-
kali concentration used were on the low side. High temperatures during ammo-
nia pﬁlping would convert the ammonia into the vapour phase, making it inac-

cesible for delignification.

The ash and silica content of the ammonia pulps were twice as high as
the chemical soda pulps. This explains again its inferior strength properties

developed- duiing beating.

Ammonia Recovery and Black Liquor Analysis

One of the advantages of the ammonia process claimed was its simplified
chemical recovery. The posibilities of ammonia recovery was examined on all
digestion experiments. This was carried out by gas release as well as by
black liguor distillation. The gas could be released from cooks 1-12 carried
out in the electrically heated digesters, egquipped with release valves.

The black liguors remaining which might still contain ammonia were then dis-

tilled for further ammonia recovery.

The rotating air-heated digesters were not equipped with release valves.

reaonia recovery was carried out by straight distillation by ‘.l1a~k ligquor,

f




Table 7

Chemical analysis of strav pulps and rav saterial

{2 based on bone dry material)

1Alc-benz,} Alpha®

vV Solubilitles

) ] (]
] 1 ) 3 1]
__S“ph } Ash LS‘OZ H Ligain } extract Lu”")oseshniosans:“m uater;ﬂ NaDH
Strud pulp
2 23.08 21.16  5.10 1.92 81.59 16.32
) 21.96 20,35 9.97 . 80.27 13.95
8 (soda) 11,76 9,89  1.99 1.32 78.86 23.87
13 22,43 20,80 B.1b 2.76 82.13 14,93
13'! 24,41  23.05 8.80 2.16 85.16 16.40
1 23.42 .48 1M 2,75 83.02 11.40
1 (soda) 10,10 8.93 0.81 1.48 76.66 3.12
IV {sora) 20,94 18.53 1,69 1.68 78.05 21.88
vii 23,29 20,76  5.85 3.483 78.90 10.68
vil 3.1 20.91 A8 3.19 80.03 11.93
X 3.8 2.5+ 523 2.9 81.95 11.88
v 20,48 19.02 5.08 2.1 78.06 12.61
Xvi 0.1 19.62 3.5 1.99 78.15 18.11
XXxii1 2,00 2,5 2.29 208 .21 15,3
sixture
Bou eateria)
Stray 21.69 15,85 11,94 5.35 28,78 19.77 14,46 50,09
{undep) thed)
Strzy 11,95 16,07 13.47 2,84 52,02 22.14 7.55 47,68
{deptthed)
Bagasse 1.5¢ 1,07 20,38 1,68 45,82 26.06 1.00 28,289
{deptthed)

o gt yel corrected for ash.




2fter cooling down and opening the digestion apparatus.The black liquors were
also analyzed for its solid and ash contents. The results are given in ta-

ble 8.

When the gas was released immediately after dicestion, the ammonia reco-
vered was between 50 - 78 % and a iurther 4 toc 26 % obtained from black 1li-
guor distillation. Tb improve ammonia recovery an expe.iment was made in which
air was injected after the gas release. After injecting air for 60 minutes
an additional 14% of the ammonia was recovered, sothat around 90% could be
obtained without distillation. The ammonia obtained from the black liquor

distillation was another 2.5 %.

Straight black liquor distillations from conks carried out in the rota-
ting digesters (no. II-XXYVI) could recoer 60 to 95 % ammonia based on feed.
Losses or consumption were therefore 5 to 40 %. When these losses or consump-
tion was calculated based on the amount of raw material digested, consumption

was between 1 - 8 %.

The total solids of ammonia black ligquors, were lower than those of the
soda process. This is expected since delignification during the ammonia pro-
cess was markedly lower. The ammonia lignin precipitated by acidification
‘consisted of very fine particles which went through the filtering medium, so-
that no determinations could be made. Compared ~ith soda black 1liquors the
ash contents of ammonia liquors were also low. This is in agreement with che-
mical analysis made on the pulps. The ammonia pulps of straw have very high
ash contents compared with the soda pulps. It seems that the soda process was

able to put the inorganic part of the strsw into solution.

Even if the solids content of the ammcaia black liquors were relatively
low, visually the liquors from straw cooks were very dark in colour, darker
than the soda black liguors. A lighter shade was observed on ligquors from ba-

gasse cooks.

From ammonia recovery studies it is shown that a large part of the ammo-
nia was not consumed during digestion, sothat black liguors could be reused
without anty additionnl treatment. This is especially true when digesting with
high percentages of ammonia. This was experimented also, by reusing the black

liquor of a cook in which 20% NH; on raw material was used.In the first stage




Ansonia recovery and black liquor analysis

Table 8

! Cook T KH3 )} KHjon | Recovery ' Llosses  !Black liquor analysis
o, E no. E Feed g saterial !Gas release}Biack Tiquor} Total ! < H 7 ;Total solid) Ash
' vy 2 1 1} 1 v * g ' R R

.1 88.5267  17.55 66.5 66.5 33.5 5.9 5.91 1.14
2. 22 18 W .4 2.2 93.6 6.4 2.8 2.58 0.45
3. 03 138 M.5 1n.28 53.9 65.18 4.8 14.4 5.89 1.9
T Y X 42 .2 2.5 5.5 455 20.6 3.68 0.26
5. 5 49.26 8,77 Ag 20.26 69.26 30.73 3 4.82 1.13
6. & 73.132 W".5 55,48 4.3 60.78 39.22 5.6  5.82 1.43
.1 10343 20,5 58,45 3.99 62.44 37.56 1.7 &0 1.03
8. ¢ 3587 13.7 11.63 2.5 20.13 73.8 10,9 Y3 0.3
8. 10 3.53 1.3% 51,35 1.5 68.85 31.15 2.9 4.2 0.25
0. 1" 31.75 1.2 58.28 1.2 65.48 3450 2.48 3,76 0.2
. 12 37 7 56.7 6.1 65.8 .2 2.b

2. 13 305.66 1.4 64,4 15 "4 05 3.5  5.08 0.3
13 14 74.56 18.6 78,34 .9 86.25 13.75 2.5% 1.9~ 0.13
4, 15  108.16 Pl 61.8 26.73 88.53 11.47 3.1 1.28 0.05
5. 16 104.93 % 86.77 12.81 79.64 20.36 5.3 3.68 0.1
. 17 w08 6,06 843 8449 15.51 447  3.43 0.27
17, 18 138.902 37 89.53 80,53 10.45 3.85 1.4 0.25
18. 19 13Lm 36,4 81.7 61.7 38.3 13.83

19 1 66.38 17.38 91.5 9.6 8.4 1.48 3.5 0.61
2. 1t 29.98 7.93 66.88 68.88 31.12 2.5 By 7} 0.7
a, v 52.17 52.17 90,8 9.9 9.1 1.2 31 0.3
2. i 40,94 13.82 79.3 7.3 2.7 2.9 2.06 0.25
23, v 2.1 6.3 84.6 8.6 15.4 0.97 5.0 0.89
2, VIIL M3 11.6 94,6 %.6 54 0.63 5,69 0,86
%, 1X 60.58 1% 78.3 %.3 2.7 M8 5% 0.93
2. X 3.4 7.98 5.2 57,2 428 3.4 3,15 0.2%
2, X 54,97 13.96 62.1 621 37.8 5.3 3.22 0.29
2. Xil 78.52% 19,64 66.03 66,03 33.86 6,77 3,12 0.23
20, xvi 66.3 .4 72,2 2.2 0.8 67

30, VI 113,62 45,4 844 844 156 1.1 1.7 0.04
M. XX 108,12 M3 81.17 81.17 18.23 7.9 2.08 0.03
32, XXtt 571,85 2.1 67 Y B 1.6 2,1 0.08
33, IV 66 2.4 80 80 2 528 2.1 0.1




i s s

(continued)

! Cook Vg ! NH3on ! Recovery ! fLosses ‘Black liquor analysis
bo. } "l Feed ! material IGas reiease!Black Tiquor] Total ! 7 1 ga ilotal solid ksh
(M dem 11 oz oz b PP agd g
Ko 44 66 26,4 19 79 A 3.52 1.9 0.1
35, Xyl 99.22 35.4 92,18 92.78 1.22 2.5 2.22 0.5
3B, Vil 99,22 35.4 81.45 81.45 18.55 6.6 2.89 0,65
37, Xxvihp o 99,22 35.4 8. 0.2 23.79 8.43 3.18 0,72
38, XXiXx 95,22 3.7 82.4 82.4 17.6 5,58 1.7 .1
39, XXX 67.35 22.45 10 0 30 6.66 .43 0.11
40, Xxxi 67.5 28.13 57.3 5.3 42.17 12 rRY] 0.12
4. XXXHL 97,284 3 85,36 85,36 14.64 5,09 3.5 0.9
£2, XXXI¥ 97,284 35 87.64 87.66 92,35 4.29 KRS 0,67
£3, XXXy 97,284 35 86.62 86.62 13.38 4.65 3.46 0.76
b, XXXVY 37,284 35 92.5 52.5 .5 2.6 1.14 0.45
a. based on b.d. rav waterial
b, cooled doun before releasing
¢, leak
Soda pulping -
Cook no.
8 13.62 5.3
1 .16 2.32
Xy 8.90 3.05
XX 10.25 3.50
XX 10.31 KN
XXl 8.73 3.29




3.44 % ammonia was consumed znd in the second stage 5.72 %. The total solids
in the first black liguor was 3.10 % and the second 5.39 %. An increase in

kappa number is observed also.

Black liquor XXIII (bagasse soda) and XXIV (bagasse ammonia) were ana-
lyzed for their BOD and COD values. For liquor XXIII BODg was 17130 ppm and
COD 89056 ppm, while for ligquor XXIV these were 8970 ppm and 27222 ppm res-
pectively.

Microscopical Studies

Evaluation of the ammonia process was nct only carried out by studying
physical and chemical properties but also by examining the pulps under the
microscope. Photomicrographs were made and shown in the following figures.
These photomicrographs should however be studied with reservations since it
could only show a very small part of the sample and could give the wrong im-
pression. It is safe to say,however, that most of the pulps were undercooked,
exceﬁt for the chemical soda pulps and showed a large amount of kroken fibers
and fiber bundels. The inability of ammonia solutions at room temperature to
soften tﬁe middle lamelia and act as a lubricant during refining is shown by
the photomicrograph of pulp XXXVI (pulping by soaking at room temperature).
No defiberization occurred. In contrast photomicrograph of pulp mixture B
(XXXIII - XXXV) showed a well defiberized sample. This pulp was the most de-
lignified of the ammonia pulps.




CONCLUSIONS

Compared to the soda process the ammonia process is at a disadvantage, even
when appled to rice straw, since it delignifies with difficulty, but attacks the
carbohydrate fraction, resulting in pulps with lower sheet strengtn properties.

Application of the ammonia process on bagasse and bamboo is inpracticable.

High quality equipment is rieeded in ammonia pulping, since high pressures
are developed during the process, which means that high capital investment has’

to be made.

Recoverability of the chemicals is a must since high amounts of chemicals
has to be applied to have reasonable results, even if only a small amount of
amnmonia is consumed. This requires additional equipment and arrangements which
need further studies, especially from the point of view of economics and prac-

ticability.

Last but not least it is rather unpleasant to work with ammonia even on a

lahoratory scale. Operation in closed systems should therefore be considered.

Due to the points mentioned above it would therefore be unacceptable to re-
commend the ammonia process as an alternative to _the soda process,especially for

developing countries. :

- Bandung, 27th'August 1981
For Ceilulose' Research

Institute

DF. Roehjati Joedodibroto
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Fig. 3. Photomicrographs of screencd straw pulps
a. Pulp I (soda) d. Pulp 10
b. Pulp 2 .e. Pulp 13y
¢c. Pulp 7 " £, Pulp 13171
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Fig. 4. Straw, Bagasse and Bamboo screened pulps.
a, Pulp B (mixture straw) d. Pulp XXXVI (cold ammonia)
b. Pulp XXVIII (straw) e. Pulp 15 (bagasse)

c. Pulp 18 (bamboo) £f. Pulp XXXII (bamboo soda)
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Fig.

c. Pulp XXVIII (straw ammonia pulp)

Pulp XXVII (straw ammonia pulp)

a.

(bagasse soda pulp)

. Pulp XX

(straw ammonia pulp) d

Pulp XVI

b.







