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Abstract:
An instrument capable of automatic continuous quantitative analysis of sulfur compounds in stack
gases has been developed and tested for a one-month period in a Kraft paper mill. The instrument is
portable and can easily be moved from stack to stack within a plant.

The equipment is designed to extract a gas sample from the stack, separate the sulfur compounds
present, and--using an electrolytic bromine cell as a detector--give a quantitative indication of the
amount of each compound present. The device described can separate and analyze mixtures of H2S,
SO2, and CH3SH in the following ranges: H2S 1 to 1500 parts/million volume/volume SO2 10 to 2000
ppm CH3SH 5 to 1500 ppm The lower end of these concentrations is limited by the separation
technique used. If no separation is made, a gaseous effluent with 0.2 ppm total sulfur compounds can
be easily analyzed. Techniques to extend either the lower or upper limit are described.

An accessory allowing two or three stacks to be sampled in succession was also built and tested at a
Kraft mill.

A purely statistical technique (multiple linear regression) has been used to relate sulfur emissions from
a Kraft paper mill to plant operating variables in the recovery area.

Sulfur emissions were recorded continuously either before the black liquor venturi or after the black
liquor cyclone. Values of process variables were copied from log sheets maintained at the mill.

Of the two locations sampled, gases out of the black liquor cyclone are most indicative of what will be
going out the stack. Temperature of air entering the furnace, liquor flow, primary air flow, venturi
header pressure, and salt cake flow were all shown to have a direct effect on H^S levels out the
cyclone. On the other hand, concentrations were shown to vary inversely with secondary air flow, I. D.
fan draft, and liquor solids content.

Some unreasonable correlations did occur, but could generally be attributed to questionable data. One
or two unlikely, but possible, correlations were explained assuming unusual furnace conditions existed
for part of the test period. All things considered, the conclusions were felt to be as reliable as the data
that was used. 
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�� �$ �# �9 �� ���� �H�� �� �+ �� �# �� �� �>�I

�� �� �� �� �� �� �! �� �+ �� �� �� �� �8 �� ���%�� �� �&�� � �� ���! �� �� �� �� �� �� � �� �� �� �+ �' �� �8 �� �# �� �� �� �� �$ �� �� �$�� �� �� �$ �&�&�� �#��

�. �! �&�� �� �� �� �# �� �$ �% �� �� �! �' �� �% �� �$ �� �� �� �# �� �8 �! �� �&� �� �+ �� �. �� �� �� �� �+ �� �� �# �� �� �� �' �� �� �� �� �. �� �� �� �� �$�' � �� �� �� �� �� �� �� �! �# �N
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�. �! �&�� �� �� �� ���' �� �� �� �� �� �� �& �� �% �� �# �! � �� �� �% �� �$ �� �� �� �# �� �8 �$ �� �� �� �! �� �� �� �$ �&�&�0�� �� �. �� �' �� �$�� �& �� �� �� �&�� �� �&�� �* �� �� � 
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�� �( �� �� �� �� �! �) �� �+ �! �! � �� �� �� �1 �� �' �+ �� ���' �� �� �� �� �� �� �&�� �% �� �# �! � �� �� �% �� �$ �� �� �� �# �� �� �� �� �� �& �) �0 �� �! �. �� �# �$ �&�&�� �� �� �1 �� �' �+��

� �
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�� �� �� �&�&�� �� �� �� �8 �$ �� �� �) �� �&�� �� �� �� �$ �� �� �$�� �� �� �$ �&�&�� �. �! �&�� �� �� �� �! �) �� �� �& �� �% �� �# �! �&�� �� �� �� �8 �! �� �&� �� �+ �� �. ����

�+ �# �� �$ �� �� �# �� �� �� �' �� �� �� �� �. �� �� �� �� �$ �' � �� �& �� �� �� �� �' �! �� �� �� �; �� �� �� �! �� �+ �� �� �� �8 �$ �� �� �$ �&�� �! �� �+ ���. �� �' �� ���! �� �%�� �$ �' �+ �N
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�8 ���� �� �� �$ �' �� �� �# �� �$ �� �! �' �$ �� �&�� �� �&�� �' �+ �� �� �� �F�! �) �� �( �� �# �� �� �$ �� �� �! �' �� �� �� �� �� �� �;

�� �% �# �� �8 �- � �# �� �. �� �' �� �� �� �# �� �' �+ �� �� �� �� �$ �. �� �� �� �� �� �' �� �� �� �;�� � �� �) �! �# �� �* �� ���� �� �� �� �! �� �� �� �� �� �� ����

�H�4�A�I�� �� �� ���� �� �! �� �� �� �% �! �� �� �� �# �% �� �$ �&�� �� �' �� �� �� �� � �!�� �' �! ���� �+ �� �. �� �� �$�� �� �# �� �&�� �� �% �! �' �� �� �$ �' �� �� � �� �N

�&�� �. �� �# �� �� �# �$ �� �� �� �! �)�� �+ �$ �� �� �� �� �% �$ �� �� �� �� �� �� �� �� �� �� �# �� �' �+ �� �� �( �&�� �' �+ �� �# �� �� �� �� �' �! ���� �� �� �% �� �# �� �& �� �� �) �$ �� �N

�� �� �' �� � �� �� �! �� �� �� �� �� �� �% �# �� �8 �- � �# �� �. �� �' �� �� �� �$ �) �� �;�� �� �� �� �� �� �( �� �# �� �� �� �� �� �� �� �� �� �( �&�� �' �+ �� �# �� �� �! �� �� �� �� �% �9��

�� �' �� �� �� �� �� �� �$ �# �# �� �&�� �$�' � �� �# �� �� �� �& �� �� �� �� �' �� �' �! �' �- �� �' �� �) �! �# �� �� � �� �&�� �. �� �# �� �� �# �$ �� �� �� �; �� �7 �� ���' �� �$��

�� �! � �� �) �� �% �$ �� �� �! �' �� �� �� �� �� �$ � �� �� �$�' � �� �� �� �� �� �( �&�� �' �+ �� �# �� �� �� �% �� �# �� �& �� �� �) �$ �� �� �� �' �� � �� �� �! �� �� �� �� �� �� �� �$ �)�� �0��

�� �� �� �� �� �� �� �� �� �! � �� �� �� �� �% �! �' �� �� � �� �# �� � �� �$�� �) �$ �� �# �&�� �� �# �� �&�� �$ �� �&�� �� �� �� �� �� �! � �� �! �) �� �( �# �� �( �$ �# �� �' �+ �� �+�$�;����

�� �$ �� �( �&�� �� �; �� �� ���� �� �� �� �$ �� �! �� ���� �$ �� �� �$ �% �% �� �# �$ �� �� �� �$ �� �� �� �� �� �� �� �� �� �� �! � �� �� �� �� � �� �� �! �� �� �� �$ �� �� �# �� �� �� �� ����

�) �&�! �8 �� �# �$ �� �� �� �! �) �� � ���&�� �� �' �� �� �+ �$ �� �� �( �$ �� �� �� �� �� �� �� � �� �&�� �. �� �# �� �� �� ���( �� �! �) �� �� �� �� �� �� �� �# �� �' �+ �� �;
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�� �� �� �! �# �� �� �# �� �% �� �' �� �� � �� �. �� �&�! �( �� �� �' �� �� �� �' �� �( �# �� �( �$ �# �$ �� �� �! �' �� �! �) �� �+ �$ �� �� �� �F�$ �� �( �&�� ����

�� �� �� �� �� �� �� �� �( ���' �' �� �' �+ �� �� �� �# �� �' �+ �� �� �H�� �� �+ �� �# �� �� �4�B�I�;�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �$ �� �� � �� �! �' �� �� �� ����

�) �# �� �% �� �� �! �' �& �� �� �� �� �� �� �$ �# �� �' �+ �� �) �! �# �� �� � �� �� �� �� �% �$ �# �� �) �� �&�&�� �� �( �! �&�� �� �� �� � �� �� �� �# �) �$ �% �� �� �� �! �) �� �$��

�+ �&�$ �� �� �� �� �$ �# �# �� �&�� �$�' � �� �$�� �# �! �� �$ �� ���' �+ �� �( �&�� �' �+ �� �# �;�� �� �� �� �� �$ �� �# �� �� �� �$ �# �� �' �+ �� �$ �&�&�! �8 �� �� �$��

�% �! �' �� �� �$ �' �� �� �&�! �$ � �� ���! �� �� �� �� �( �&�$ �% �� � �� �! �' �� �� �� �� �� �$ �� �# �� �%�! �&�� �� �' �;�� �� �� �+ �$ �# � �&�� �� �� �� �! �) �� �&�� �$ �9 �N

�$ �+ �� �� �( �$ �� �� �� �� �� �� �� �� �� �$ �# �� �' �+ �- �- �+ �� �' �� �# �$ �&�&�� �� �� �' �� �� �+ �' �� �) �� �% �$ �' �� �- �- �� �� �� �� � �� �&�� �. �� �# �� �� �# �$ �� �� �� �! �)��

�� �� �� �� �+ �$ �� �� �� �� �1 �� �� �# �� �� �� �� �� �� �$ �� � �� ���! �� �� �� �� �% �! �' �� �� �$ �' �� �� �$ �� �� �&�! �' �+ �� �$ �� �� �� �� �� �� �( �� �� �� �! �' �� �� �� �� �� �( �� �' �N

�' ���' �+ �;�� �� �! �' �. �� �# �� �$ �� �� �! �' �� �8 ���� �� �� �� �� �. �� �# �$ �&�� � �� �) �) �� �# �� �' �� �� �� �' � �� �. �� � �� �$ �&�� �� ���' �� �� �� �� �� �$ �� �#��

�( �! �&�&�� �� �� �! �' �� �) �� �� �&� �� �# �� �. �� �$ �&�� � �� �. �$ �# �� �� �' �+ �� � �� �+ �# �� �� �� �� �! �)�� �� �$ �� �� �� �) �$ �% �� �� �! �' �� �8 ���� �� �� �� �� �� ����

� �� �. �� �% �� �; �� ���' �� �# �� �$ �&�� �� �� �0�� �� �� �� �� �) �$ �&�&���' �+ �� �# �$ �� �� �� �! �)�� �� �� �� �� �� �� �# �� �' �+ �� �� �� �� �� � �� �( �� �' � �� �' �� �� ���!��

�$�� �% �� �# �� �$ �� �' �� � �� �+ �# �� �� �� �! �' �� �� �! �8 �� �) �$ �� �� �� �� �� �� �� �( �� �' �� �; �� �� �� �� �� �0�� ���! �� �� �' �� �� �# �� �� �� �# �� �&�� �� �# �� �N

�( �# �! � �� �% ���� �&�� �� � �� �&�� �. �� �# �� �� �# �$ �� �� �� �0�� �� �� �� �� �� �( ���' �' �� �' �+ �� �# �$ �� �� �� �! �)�� �� �� �� �� �� �� �# �� �' �+ �� �� �� �� �! �� �&� ��

�� �� �� �� �� �� �� �� �$ �� �� �� �� �$ �%�� �� �� �� �� �� �� �� �� �� �� �� �' ������ �� �� �� �� �� �� � �; �� �� �� �! �' �+ �� �� �� �� �# �� �� �! �) �� �� �( ���' �' ���' �+��

�� �� �# �� �' �+ �� �� �� ���� �� �� �� �� �+ �� �' �� �# �$ �&�&�� �� �$ �+ �# �� �� � �� �� �� �$ �� �� �� �� �� �� �� �� �� �� �( �� �� �� �� �� �' �+ �� �$�� �� �� �$ �&�&�� �)�$�' �� �$ ����

�� �� �� �� �$ �� �# �� �� �! �� �# �% �� �� ���! �� �� �( ���' �� �� �� �� �� �� �� �# �� �' �+ �� �� �$ �# �� �� �# �� �&�� �$ �� �&�� �� �� �' �! �� �+ �� �� ���! �� �� �� �� �� �� �� � �� �$ ����

�% �$ �&�� �� �# �$ �� �� �! �' �� �� �� �$ �' � �$ �# � �� �; �� �� �+ �$ ���' �0�� �� �� �� �� �$ �% �% �� �# �$ �% �� �� �! �)�� �� �� �� �� �� �$ �� �( �&�� �� �% �! �' �% �� �' �N

�� �# �$ �� �� �! �' �� �� �� �� �$ �� �! �� ���� �� �� �$ �� �� �! �) �� �� �� �� �� �� �� �� �� �! � �� �� �� �� � �� ���! �� �� �� �$ �� �� �# �� �� �� �� �� �� � ���&�� �� �' �� �� �+ �$ ����

�) �&�! �8 �;�� �� �� �� �� �� �8 �$ �� �� �� �� �� �� �% �$ �&�� �� �# �$ �� �� �! �' �� �� �� �� �� �! � �� �� �� �� � �� � �� �# ���' �+ �� �% �! �' �� �� �# �� �% �� �� �! �'��

�$ �' � �� �� �� �� �� �� �' �+ �� �! �) �� �� �� �� �� �%�! �' �� ���' �� �! �� �� �� �$ �' �$ �&�� �3 �� �# �;
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�� �� �&�� �� �- �� �� �$ �% �9 �� �� �$ �� �( �&���' �+ �� �� �% �% �� �� �� �! �# ��

�� �� �� �' ���� �� �8 �� ���%�� �� �� �& �� �% �� �# �� �% �$ �&�&�� �� �( �&�� �+ �� �� ���' ���! �� �� �� �� �� �� �$ ���' �� �$ �' �$ �&�� �3 �� �' �+ �� �� �' �N

�� �� �# �� �� �� �' �� �� �� �$ �� �� �� �� �� �' �� �� �� ���&�� �� ���! �� �$�&�&�!�8�P�� �� �$ �� �( �&���' �+ �� �! �) �� �� �� �# �� �� �� � �� �) �) �� �# �� �' �� �� �& �! �% �$ �N

�� �� �! �' �� �� ���' �� �� �� �% �% �� �� �� �� �! �' �; �� �� �� �� �&�� �+ �� �� �� �� �! � �� �) �� �% �$ �� �� �! �' �0�� �� �$ �9 ���' �+ �� �& �� �� �� �� ���� �$ �' �� �) �� �. ����

�� �� �' �� �� �� �� �� ���! �� �% �! �� �( �&�� �� �� �0�� �� �� �� �� �� �� �� �� �� �$ � �� �� ���! �� �� �� �� �� �� �$ �� �� �� �# �� �� �' ���� �;�� ������ �� �' �. �! �&�. �� ����

� �� �� �% �! �' �' �� �% �� �� �' �+ �� �$�� ���� �� �� �� �$ ���� �$�� �� �� �� �0 �� �$ �� �� �$ �%�� ���' �+ �� �� �� �� �� ���� �� �� �� ���! �� �$�� �� �� �&�9 �� �� �$ � ��

�� �' ���! �' �0�� �$ �' � �� �( �&�� �+ �+ ���' �+ �� �� �� �� �� �! �( �� �' �� �� �# �$ �' �%�� �� �! �) �� �� �� �� �� �� �� �� �; �� �� �)�� �$ �&�&�� �� �$ �� �( �&�� �� �&�� �' �� ����

�� �$ �. �� �� �� �� �� �' �� �� �� �# �� �' �+ �� �$ �' � �� �� �' � �� ���' �� �� �� �� �� �. �� �% �� �' �� �� �� �� �! �) �� �� �� �� �� �$ �' �$ �&�� �3 �� �# �0�� �� �� �� �� �� �! �� �$ �&��

�� �� �� �� �� �# �� �* �� �� �# �� � �� ���! �� �%�� �$ �' �+ �� �� �) �# �! �� �� �� �� �' �+ �&�� �� �� �� �$ �% �9 �� ���! �� �� �� �# �� �� �� �� �� �$ �% �9 �� �� �$ �� �( �&���' �+��

�! �# �� �� �$ �%�9 �� �$ �+ �$ ���' �� �� �� �� �& �� �� �� �� �� �� �$ �' �� �4�E�� �� �� �' �� �� �� �� �;

�� �� �8 �� �# �� �' �+ �� � �� �$ �+ �# �$ �� �� �) �! �# �� �� �� �� �� �� �$ �� �( �&�� �# �� �� �� �� �� �� �! �8 �' �� �� �' �� �� �� �+ �� �# �� �� �4�C�;��

�� �� �� �� �) �� �+ �� �# �� �� � �! �� �� �� �' �! ���� �# �� �( �# �� �� �� �' �� �� �� �� �� �� �$ �% �� �� �$ �&�� �8 �� �# �� �' �+ �� �&�$ �� �! �� �� �� �� �' �� ���� �� �� �$ �% �% �� �� �N

�� �! �# �� �0�� �� �� ���� �# �$ �� �� �� �# �� �� �� �! �8 �� �� �� �� �� �� �% �� �# �% �� �� �� �� �$ �) �� �� �# �� �� �� �� �� �� �' ������ �� �� �� �( �&�� �+ �+ �� � �� ���' ���! �� �� �� ����

�� �$ ���' �� �$ �' �$ �&�� �3 �� �# �; �� �� �� �� �� �% �$ �� �� �� �� �� �� �# �� �� �' �� �� �� �� �� �� �$ ���' �� �� �' ���� �� �$ �% �� �� �. �$ �� �� �� �� �� �� �� �� �# �! �N

�� �$ �� �� �' �+ �� �� �8 �� �� �% �� �� �! �' �%�� �� � �� �# ���' �+ �� �� �$ �%�� �� �% �� �% �&�� �; �� �� �� �� �� �� �� �8 �� �� �% �� �� �� �� �� �' �� �! �( �� �' �� �� �! �' ����
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