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ABSTRACT

In the earliest types of recovery units installed
in pulp mills seriocus explosions occurred whenever water
from the cooling systems leaked into the molten cheﬁical
ash in the smelt beds of the furnaces. Although the exact
neture of the explosions was not known, they were called
"smelt exploslons” and were believed to differ in character
from the ordinary gas explosions which occur in power boiler
furnaces fired with gas, oil.or coal.

Improvements were made to eliminate explosion haz-
ards in later designs; however, in the past several years
recovery furnace explosions have occurred with increasing
frequency. The purpose of this study was to determine what
types of explosions could possibly take place in recovery
furnaces with a view to preventing these explosions.

A sample of black liguor as fed to the recovery
furnaces of a nearby pulp mill was secured for these tests.
It was felt that the results obtained with such a sample
would be characteristic of similar tests on black liquor

from other pulp mills in the southeastern United States.
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First, the black liquor was heated in a closed
flask at constant temperature and the gases whilch were
given off were collected for analysis. The sulfur trioxide
Present in the gases was removed by chemical reaction, the
terpines and mercaptans removed by condensation at low
temperature, and the remaining gases analyzed in an Orsat
typre gas analyzer. These tests indicated the percentages
of each of the gases which were driven from black liquor
by application of heat alone as occurs in a recovery fur-
nace during normal firing operations.

A second set of tests was made under the same con-
ditions but with steam admitted to the flask containing the
black liquor. Analysls of the gases driven off during
these runs indicated the percentages of each of the gases
which were generated under conditions reproducing those of
water leakage into a recovery furnace during otherwise nor-
mal operations.

From these tests it was found that larger volumes
of gases were produced under both sets of conditions as
temperatures were increased. In addlition, larger volumes
of gases and more explosive mixtures were formed with the
application of steam. Thus, a recovery furnace was found
to act as a gas producer when water (steam) entered the

smelt bed.
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The gases evolved were found to be very explosive
whether generated with the application of steam or not,
indicating the need to keep recovery furnaces purged of
accumulations of these gases whenever black liquor is

present in a furnace at temperatures of 550F and above.



A STUDY OF
THE EXPLOSIBILITY OF BLACK LIQUOR

CHAPTER 1I.
INTRODUCTION

History. -- When the wood chips have been completely
processed in the digesters of either a soda or sulfate
chemical process pulp mill and all of the cellulose
fibers used in manufacture of pulp have been extracted
from the "cook"” or digester contents, the remaining
brownish-black liquid, which resembles crude oil in
appearance, is given the name of black liquor. "Black
liquor at any station in the mill =-~-~ is a mixture of
water with organic compounds from the wood, and the
inorganic compounds employed for the cook." (1)

| Economy of operation of sulfate, often called
kraft, mills and of soda mills today is dependent on
recovery of the inorganic chemical compounds from the
black liquor for reuse in the pulp digesters. Chemical
recovery is accomplished by burning black liquor in
recovery furnaces. Reslidual heat within these furnaces
drives off moisture from the black liquor by flash dry-
ing to produce a "chaer” and then ignites the remaining

combustible constituents which are burned away. The



heat produced ih excess of that required for charring the
black liquor is utilized for producing steam for the pulp‘
mill. FPFurnace residue, called "black ash,” contains the
bulk of the inorganic compounds in a condition from which
they can be easily converted for reuse in pulping operat-
ions. The molten or semi-fluid black ash 1s referred to
as "smelt."

The first soda process mills in North America were
started in 1880, while the first sulfate mill on this con-
tinent was not established until 1907. (2) Recovery
units originelly installed in these mills were reverbera-
tory furnaces, succeeded 1n later years by rotary furnaces,
many of which are still in usé. Still later designs
developed spray type furnaces with water walls, quite
similar in appearance to pulverized coal or oill-burning
boiler furnaces.

In these modern recovery units concentrated black
liquor is sprayed into the furnace by means of a "burner
gun”, operated with a rocking or oscillatory motion.

Some of the drops of black liquor are burned in suspen=
sion in the furnace, but a large part is sprayed onto the
furnace walls and burns there, the molten ash or smelt
trickling steadily down the walls and across the furnace

floor to a smelt tapping spout in the base of the furnace.



Since nost recovery furnaces operate continuously for
extended periods of time, - 24 hours a day, seven days
a week, for six to nine nonths at a tinme, e a nmound of
snelt often builds up on the floor of the furnace to a
depth of seven feet or nore* Tenperatures of snelt
fromthe tapping spout vary from 1550 F to 1750 P

Fromthe foregoing it can be seen that a chem ca
recovery unit in a soda or sulfate pulp mll is subjec-
ted to severe operating conditions and that water cooling
of furnace and snelt spout is required. Wter cooling
has proven to be quite hazardous.

In the rotary type furnaces continuous tapping of
snelt necessitated using a water cooled snelt spout.
It was quickly found that even a snmall leak in the cool -
ing water systemcould result in terrific explosion if
| eaki ng water came in contact with the nolten snelt.
At first it was believed that the water on striking the
hot snelt evaporated into steam expanding so rapidly
that it had expl osive force.

Wth the devel opnent of the spray type water
wal | furnace it was felt that the hazard of explosion
had been somewhat |essened, for in the early years of
operating these newer units, there seemto have been few,

if any, recovery furnace explosions fromwater getting



