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CHEMISTRY AND CHEMICAL ENGINEERING DIVISION
DEPARTMENT OF ANALYTICAL AND ENVIRONMENTAL CHEMISTRY

June 29, 2016

Los Alamos National Laboratory
TA-3 SM-271 Drop Point 02U
Los Alamos, New Mexico 87545

Attn: Victor Garde
Subject: SwRI Project Number: 21592.01.00X
SDG: 599959
SwRI Task Order Number: 160627-5
SwRI Sample Receipt Number: 57871
Samples Received: 06.24.2016
Analysis: UNS Blends 19 and 20

Dear Mr. Garde,

Please find the enclosed results for the two overall samples received on the above
referenced date. Should you have any questions, please feel free to contact me at 210-522-3242,
or at radonna.spies @swri.org.

Group Leader - R&D

APPROVED:

ﬂ’//?
Michael J. Dammann
Director

RPS: jz
Cc: Anya Gonzales, Los Alamos National Laboratory
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SOUTHWEST RESEARCH INSTITUTE
CLIENT: Los Alamos National Laboratory
SwRI PROJECT#: 21592.01.00X

SwRI TASK ORDER: 160627-5

SwRI SRR: 57871

SDG: 599959

VTSR: 06.24.2016

Chain-of-Custody

&
Sample Receipt Paperwork

Total Page Count: O] 000[-

* Fraction: UNS _ Pages: 0] 0110
s (4 ¥ "




010002

Douglas, Steven M.

From: Moken, James A.

Sent: Friday, June 24, 2016 10:08 AM
To: Douglas, Steven M.

Subject: Two more sample ID's and SRR
Steven,

| have two more sample ID’s that will go under the Los Alamos project # 21592.01.006.

Client ID Matrix
UNS Blend 19 Solid
UNS Blend 20 Solid

If you have any questions let me know. Thanks.

Jamie

Client: Los Alamos National Laboratory

SRR # 57871

Project # 21592.01.00X

Case: J. Moken

VTSR: 06/24/2016 1
Sample(s) Received: Intact

Temperature: N/A °C/ SN #: N/A



Southwest Research Institute

Laboratory Task Order

TO #: 160627-5 Revision: 0

SDG: 599959 SRR #'s: 57871

010003

Project(s): 21592.01.00X
Manager(s): SPIES, RADONNA

To Client: 06/28/16

Client(s): Los Alamos National Laboratory

L _Instructions

1|

57871)

Documents Related to this task order: 202308({COC for SRR 57871), 202309{SRR Paperwork for SRR

Deliverabies —-> Hard Copy: -YES- EDD: no PDF: no

Test: COMB_1050 Holding: 180 days from CED
Section: WETCHEM me 1050 Test A & C Spontaneous Combustion J Cnt: 2
SystemiD | Type | Cont | Matix [ CustomeriD CED Method Date |
| 599953 1 Solid UNS Blend 18 NO DATA | NO DATA
599960 | 1 Solid UNS Blend 20 NO DATA ' NO DATA
Test: IGNIT_1030 Holding: 180 days from CED
Section: WETCHEM SW 848 Method 1030 Ignitabiliity of sollds 2 I Cnt: 2
SystomID | Type | Cont |  Matrix | " Customer ID { CED Method Date |
599959 1 (Solid ‘UNS Blend 19 NO DATA NO DATA
599960 | |1 Solid UNS Blend 20 NO DATA NO DATA
Test: Oxidizer_UN Holding: 180 days from CED
Section: WETCHEM | United Nations (UN) «Recommendations on the Transport of Dangerous Goods”, Section 34, Cnt: 2
Classification Procedures, Test Methods and Criteria Relating to Oxidizing Substances of
| Division 5.1.

:;gystem D [ Type ] Cont [ Matrix ] Customer ID ‘ CED | Method Date i.
599959 1 _Solid |UNS Blend 18 NO DATA | NO DATA
599960 1 /Solid UNS Blend 20 NO DATA | NO DATA

Test: PAINT_8095 Holding: 180 days from CED
Section: WETCHEM SW846 9095 Palnt Fiiter Liquids Test ] Cnt: 2

“systomiD |_Typs | Cont | Mawix | Customerd | _ CED [ MethodDate |
599959 | |1 /Solid ,UNS Blend 19 NO DATA NO DATA
599960 [1 |Solid UNS Blend 20 NO DATA NO DATA

Page 1 of 1

ver 7/18/2014



Sample Receipt

Sample Receipt Number: 57871

Southwest Research Institute

Project: 21592.01.00X
Case #: ). Moken
Client: Los Alamos National Laboratory

VTSR: 06/24/16

010004

Time: 11:40:00

Manager: SPIES, RADONNA
Logged in by: SDOUGLAS
Creation Date: 06/24/16

Email was received to create an SRR for the following.
Parameters: Analysis/located on Task Order
FRM-070 (J. Moken)

See chain of custody as part of the work order system for more information.

| System!D | _____ CustomerID

599959 |UNS Blend 19
599960 |UNS Blend 20
Containers: 2

These documents are associated with this receipt: 202308{COC for SRR 57871}, 202309(SRR Paperwork for SRR 57871)

Page 10f1

CED Matrix Containers Special Reqs.
| Solid 1
Solid 1
Samples: 2

Thermometer: N/A

Temperature: N/A

Page Printed: 06/29/2016 10:36
ver: (7/18/2014)
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Sample Custodian Signature:

Southwest Research Institute

Traffic Report

010005

faITja
[=

[=1

\J
1. Custody Seal Not Present or Damaged Client: Los Alamos National Laboratory
2. Chain of Custody Present Project: 21592.01.00X
Case: ). Moken / SDG:
3. Sample Tags Not Present )
Sample Tag Numbers Not on COC Sample Receipt: 57871
4.5MO Forms Not Present Airbill: Email
Custody Seal #(s):
d Time d ) Corresponding Traffic Rpt, Sample
Date Receive . COC Recor SMO Sample Tags, COC
Received Sample Tag # SwRI # Ag'r - Condition
06/24/16  11:40:00 Email UNS Blend 19 N/A 599959 YES Intact
06/24/16 11:40:00 Email UNS Blend 20 N/A 599960 YES Intact
Printed: 06/24/16 12:01:15 PM page 1of 1 ver (7/18/2014)

FRM-217



SAMPLE LOG-IN SHEET

010006

Lab Name
Southwest Research Institute Page 1 of 1
Received By (Print Name) Log-in Date
STEVEN DOUGLAS / 06/24/2016
Received By (Signature) \
prstl 1y, 4
Case Number SN’ Sample Delivery Group No. SAS Number
J. Moken ‘/h—*
Remarks:; 21592.01.00x A , Remarks:
C : :
orresponding Condition of Sample
Shipment, etc
EPA Sample # Sample Tag # Assigned Lab #
1. Custody Seal(s) Present{Absen/*
Tntact/B 4 UNS Blend 19 N/A 599959 Intact
UNS Blend 20 N/A 599960 Intact
N/A

2. Custody Seal Nos.

3. Chain-of Custody Records
4. Traffic Reports

or Packing Lists
5. Airbill

6.  Airbill No.

7.  Sample Tags

Sample Tag Numbers

8. Sample Condition

9. Cooler Temperature

10. - Does Information
on custody
records, traffic
reports, and
sample tags
agree?

11. Date Received at Lab

12,  Time Received

Absent*
Present

Airbill/Sticker

I-\bsent*

Email

Present
Liste
listed OF Chain of

Custody

i Broken*/
Ne g

N/AC

06/24/2016

11:40:00

e

i

/

Sample Transfer

Fraction ction /
Area # J Area # \ /
<j—)JJkZA~
By By
STEVEN DOUGLAS
On On L~
06/24/2016 .

* Contact SMO a%attach record of resolution

Reviewed By

Logbook No.

Bample Receipt (57871)

Date =t

0 6. .25/¢

Logbook Page No. /" 9496 € £7C/ 4 8fz ¢«

FORM DC-1

OLMO4.2
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SOUTHWEST RESEARCH INSTITUTE
CLIENT: Los Alamos National Laboratory
SwRI PROJECT#: 21592.01.00X

SwRI TASK ORDER: 160627-5

SwRI SRR: 57871

SDG: 599959

VTSR: 06.24.2016

Case Narrative
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Client: Los Alamos National Laboratory
SwRI Project Number: 21592.01.00X
SwWRI Task Order Number(s): 160627-5

WETCHEM ANALYSIS
Initial sample preparation

This report encompasses the preparation and analysis of UNS blends 19 and 20 which are the citric
acid and PIG base neutralized UNS blends. Samples are presented in Table 1 which contains the
sample ID’s and the methods requested on each of the blends. To prep the samples, the UNS solution
was first neutralized to pH of around 5 using a 1:1.5 ratio of UNS to Splifyter” Kolorsafe® liquid
acid neutralizer. PIG base neutralizer or Citric acid was then added at the same volume as the
Splifyter® Kolorsafe® liquid acid neutralizer. This mixture was then added to swheat and allowed to
set for 24 hours before adding it to water and finally to zeolite in the designated ratios. The zeolite
concoction was allowed to set for an additional 24 hours prior to analysis.

Table 1. Surrogate creation and analysis table

Ti Methods
imes
Surrogate ID UN Ox solid L
made
1030 | 1050 (DOT 0.1) Paint filter
UNS Blend 19 1 1 1 1 1
UNS Blend 20 1 1 1 1 1

SW-846 9095B: Paint Filter

For this method 100g of each blend was placed into a Gerson 260um paint filter (PNO10714R, Lot#
B5140428JF8) that was suspended over a 250 mL beaker for 5 minutes to collect any free liquids.
During this 5-min period if any of the sample material drips into the cylinder, the material is deemed
to contain free liquids for purposes of 40 CFR 264.314 and 265.314. Under the laboratory conditions
both UNS blends were not deemed to contain free liquids.

SW-846 1030: Ignitability of Solids

An ignition source is applied to one end of the test material to determine whether combustion will
propagate along 200 mm of the strip within 2 minutes. If the material combustion propagates, the
burning time was measured over a distance of 100 mm and the rate of buming would be determined.
The surrogate material was formed into an unbroken powder train, 250 mm in length atop a ceramic
tile with marks at the 80 and 180 mm in from the end of the train. The ceramic tile was placed about
8 inches in a hood with the sash lowered to give airflow of about 0.7 m/sec. One end of the train was
exposed to the end of an acetylene torch with a temperature greater than 1000°C. The torch was held
there for 2 minutes and if the sample began to burn down the train the time taken to get from the 80
to 180 mm mark was measured to determine the burn rate.

All two UNS samples acted in a similar fashion during the 1030 analysis. The sample would dry at
the burn region and begin to char after a little time had passed (Image 1). The only major difference
was that UNS Blend 20 crackled and popped kicking little portions of zeolite out of the burn zone
(Image 2). Since none of the blends even burned into the 100mm zone, all of them are considered
non-flammable under the test conditions and criteria outlined in Method 1030.
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Client: Los Alamos National Laboratory
SwRI Project Number: 21592.01.00X
SwWRI Task Order Number(s): 160627-5

Fine Excelsior (natural hardwood shavings) were used as a positive control each day testing was
performed.

SW-846 1050: Spontaneous combustion and self heating

The surrogates for this analysis were first sprinkled several times onto a ceramic tile to observe if
they smoked or flamed and could be considered pyrophoric solids by test Method A. Since none of
the samples exhibited these characteristics, they were tested by Method C. In this test, a 100-mm
sample cube is exposed to a test temperature of 140°C + 2°C for a minimum of 24 houss to determine
whether it undergoes spontaneous ignition or a rise in sample temperature to over 200C within the 24
hours. If the results of the preliminary test are positive, a second test using a 25-mm sample cube is
conducted to further classify the waste as specified in Table 2.

Table 2. Method 1050 Waste Classification

Results of Self-Heating Test DOT Packing Group
Negative for the 100-mm cube test Not a Self-Heating Waste
Positive for the 100-mm , but negative for the 25-mm cube test 111

Positive for both the 100-mm and 25-mm cube tests or positive

for the 25-mm test, if tested alone I

The filled cube was placed into an oven with two thermocouples measuring the oven temp and up to
four thermocouples inserted into each sample to measure its temperature during the analysis. Lids
were placed onto the top of the test cubes and tungsten weights were placed on top of those sample
believed to have event in order to keep the thermocouples and lids from coming off the sample. Also
up to two thermocouples were placed in a tray below the sample in case any sample pushed out of
the cube and onto the tray. Once the thermocouples were in place, the oven was ramped to 140°C +
2°C and held for 24-48 hours depending on when the sample reached a stable temperature. Although
the method states testing to be conducted for 24 hours, many of the samples did not reach 140°C +
2°C during the initial 24 hour period, therefore the testing was extended to a minimum of 12 hours
after the sample had reached a stable temperature. Temperatures of the oven and sample were
collected every 10 s econds and plotted to determine if the sample temperature ex ceeded 200°C
during the time of testing. At the conclusion of the test, the oven was turned off and allowed to cool
before removing the sample. The oven and sample temperature graphs are located in Attachment A.

UNS Blend 19 was removed from the oven and found that the outer lower portion of the sample had
become brown and formed large clumps (Image 3). UNS Blend 20 had one of the thermocouples
record several dips in temperature in the 5-8 hour region and several once temperature had been
reached. The early dips may be attributed to sample moisture or possibly a small endothermic
reaction in the region. It may also be attributed to issues with the thermocouple since it has been used
in numerous 1050 testing’s and thermocouple 1 did not show any of these dips. Blend 20 had a faint
brown tint to it on the extremities of the sample but very few clumps were seen within the cube.
Since none of these blends exceeded 200°C during the analysis all of them are classified as “Not a
Self-Heating Waste” as defined by Method 1050 under laboratory conditions.
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Client: Los Alamos National Laboratory
SwRI Project Number: 21592.01.00X
SwWRI Task Order Number(s): 160627-5

DOT UN Oxidation testing

The UNS blends were tested in accordance with the United Nations (UN) “Recommendations on the
Transport of Dangerous Goods”, Section 34, Classification Procedures, Test Methods and Criteria
Relating to Oxidizing Substances of Division 5.1. The UN procedure assesses the relative hazard of
oxidizing substances so that an appropriate classification for transport can be made. T ests are
conducted on the samples mixed with dry fibrous cellulose in mixing ratios of 1:1 and 4:1, by mass,
of sample to cellulose. The burning characteristics of the mixtures are compared with the standard
3:7 mixture, by mass, of potassium bromated to cellulose. If the burning time is less than the
standard mixture, the burning times should be compared with those from packing group I or II or
category I or 11 oxidizer, reference standards 3:2 and 2: 3, by mass, of potassium bromated to
cellulose, respectively. See Table 3 for classification. Table 4 presents the results for the reference
standards. Tables 5 and 6 lists the comments the analyst noted for each of the two sample to cellulose
ratio burns. All UNS blends were classified as “Not Division 5.1 under laboratory conditions.

Table 3. Oxidizer Classifications

UN
The test criteria for determining oxidizing properties of the substance are: Classification

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ratio (by mass) tested,
exhibits a mean burning time less than the mean burning time of a 3:2 mixture, by | Packing group I
mass, of potassium bromate and cellulose.

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ratio (by mass) tested,
exhibits a mean burning time equal to or less than the mean burning time of a 2:3
mixture (by mass) of potassium bromate and cellulose; and which does not meet
the criteria for packing group I

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ration (by mass) tested,
exhibits a mean burning time equal to or less than the mean burning time of a 3:7
mixture (by mass) of potassium bromate and cellulose; and which does not meet
the criteria for packing group I and II.

Any substance which, in both the 4:1 and 1:1 sample-to-cellulose ration(by mass)
tested, does not ignite and burn, or exhibit mean burning times greater than that of | Not Division 5.1
a 3:7 mixture (by mass) of potassium bromate and cellulose.

Packing group II

Packing group III

Table 4. Potassium Bromate and Cellulose Reference Mixtures

Mean Burn Time, sec Mean Burn Time, sec Mean Burn Time, sec
3.7 2:3 3:2
KBrOj;:Cellulose Ratio KBrOj;:Cellulose Ratio KBrOj;:Cellulose Ratio
135.32 52.44 19.54

Table 5. Comments for Sample to Cellulose ratio of 4:1

Sample ID Comment 4:1

UNS Blend 19 Charring around wire, smoke, no flames

UNS Blend 20 Charring around wire, smoke, no flames




Client: Los Alamos National Laboratory
SwRI Project Number: 21592.01.00X
SwRI Task Order Number(s): 160627-5

Table 6 Comments for Sample to Cellulose ratio of 1:1

010011

Sample ID Comment 1:1
UNS Blend 19 Small flames at wire leads, charring and smoke.
UNS Blend 20 small flames at wire leads, smoke and charring

mage 1: Appearance of UNS Blend 19 after two minute burn during 1030 analysis.
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Client: Los Alamos National Laboratory
SwRI Project Number: 21592.01.00X
SwRI Task Order Number(s): 160627-5

Image 2: Appearance of UNS Blend 20 after the 2 minute burn period after 1030 analysis. Portions
of the zeolite where thrown a little distance away from the main sample train.

B snn b Laae, -

Image 3: Browning and clumping formed in the lower portion of the cube of UNS Blend 19 during
the 1050 analysis.
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Client: Los Alamos National Laboratory
SwRI Project Number: 21592.01.00X
SwWRI Task Order Number(s): 160627-5

“I certify that this data package is in compliance with the terms and conditions of the contract,
both technically and for completeness, for other than the conditions detailed above. Release of
the data contained in this hardcopy data package and in the computer-readable data
submitted on diskette has been authorized by the laboratory manager or his/her designee, as
verified by the following signature. This report shall not be reproduced except in full without
the written approval of SwWRI.”

~

LS
6/28/16

Group Leader Date
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SOUTHWEST RESEARCH INSTITUTE
CLIENT: Los Alamos National Laboratory
SwRI PROJECT#: 21592.01.00X

SwRI TASK ORDER: 160627-5

SwRI SRR: 57871

SDG: 599959

VTSR: 06.24.2016

Attachment A
Method 1050 Graphs
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Figure 1. Method 1050 — UNS Blend 19 (100mm cube) full run.

UNS Blend 20
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Figure 2. Method 1050 — UNS Blend 20 (100mm cube) full run. Thermocouple 2 had several

dips throughout the analysis. These may either be attributed to moisture, small endothermic
reactions, or the thermocouple issues.
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SOUTHWEST RESEARCH INSTITUTE
CLIENT: Los Alamos National Laboratory
SwRI PROJECT#: 21592.01.00X

SwRI TASK ORDER: 160627-5

SwRI SRR: 57871

SDG: 599959

VTSR: 06.24.2016

Wetchem Analyses
Sample Results



Lab Name: Southwest Research Institute

Lab Code: SwRI

UN OXIDIZER TEST
SAMPLE DATA SHEET

010017
SOUTHWEST RESEARCH INSTITUTE

Client: Los Alamos National Laboratory

Project No.: 21592.01.00X

Date Made: 6/22/16

Matrix: Solid
SRR #: 57871 Task Order #: 160627-5
Potassium Bromate and Cellulose Reference Mixtures
Mean Burn Time, sec Mean Burn Time, sec Mean Burn Time, sec
3.7 2:3 3:2
KBrO;:Cellulose Ratio KBrO;:Cellulose Ratio KBrO;:Cellulose Ratio
135.32 52.44 19.45
Test Substance
Mean Burn Time, sec Mean Burn Time, sec
Sample ID SwRI System ID 4:1 I:1 Classification Date Analyzed
Sample:Cellulose Ratio | Sample:Cellulose Ratio
UNS Blend 19 599959 no reaction > 180 Not Division 5.1 06/27/16
UNS Blend 20 599960 no reaction > 180 Not Division 5.1 06/27/16
The test criteria for determining oxidizing properties of the substance are: Classification
Any substance which, in the 4:1 or 1:1 sample-to-cellulose ratio (by mass) tested, exhibits a mean burning time less than the mean
Packing group I

burning time of a 3:2 mixture, by mass, of potassium bromate and cellulose.

packing group I

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ratio (by mass) tested, exhibits a mean burning time equal to or less than
the mean burning time of a 2:3 mixture (by mass) of potassium bromate and cellulose; and which does not meet the criteria for

Packing group 1I

Any substance which, in the 4:1 or 1:1 sample-to-cellulose ration (by mass) tested, exhibits a mean burning time equal to or less than
lthe mean burning time of a 3:7 mixture (by mass) of potassium bromate and cellulose; and which does not meet the criteria for

packing groups I and II.

Packing group III

Any substance which, in both the 4:1 and 1:1 sample-to-cellulose ration(by mass) tested, does not ignite and burn, or exhibit mean
burning times greater than that of a 3:7 mixture (by mass) of potassium bromate and cellulose.

Not Division 5.1

Page 1 of 2

This report may not be reproduced except in its entirety without the written approval of SwRI.
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SOUTHWEST RESEARCH INSTITUTE
UN OXIDIZER TEST

LABORATORY CONTROL SAMPLE DATA SHEET

Lab Name: Southwest Research Institute

Lab Code: SwRI

Matrix: Solid

Client: Los Alamos National Laboratory
Project No.: 21592.01.00X

Date Made: 6/22/16

SRR #: 57871 Task Order #: 160627-5
Acceptance Criteria for Daily Laboratory Control Samples
Mean Burn Time, sec Mean Burn Time, sec Mean Burn Time, sec
3:7 2:3 32
KBrOs:Cellulose Ratio | KBrOs:Cellulose Ratio KBrO;:Cellulose Ratio
108-162 sec 42-63 sec 15-23 sec
Mean Burn Time, sec Mean Burn Time, sec Mean Burn Time, sec
Sample ID 3:7 2:3 3:2 Data Analyzed
KBrOs:Cellulose Ratio KBrO;:Cellulose Ratio KBrO;:Cellulose Ratio
LCS 119.97 52.87 19.65 06/27/16
Page 2 of 2

This report may not be reproduced except in its entirety without the written approval of SwRI.
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SOUTHWEST RESEARCH INSTITUTE

Lab Name: Southwest Research Institute

Lab Code: SwRI

Matrix: Solid

SW 846 Method 1030

SAMPLE DATA SHEET

Client: Los Alamos National Laboratory
Project No.: 21592.01.00X

Date Made: 6/22/16

SRR #: 57871 Task Order #: 160627-5
Sample ID SwRI System D | Miethod 1030 Ignitability of Solids Date Analyzed
Results
UNS Blend 19 599959 Nonflammable 06/24/16
UNS Blend 19 Dup 599959 Nonflammable 06/24/16
UNS Blend 20 599960 Nonflammable 06/24/16

* Note: The Ignitability designation is based on the criteria and conditions of the test

Page 1 of 3

This report may not be reproduced except in its entirety without the written approval of SwRI.
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SOUTHWEST RESEARCH INSTITUTE

SW 846 Method 1050
SAMPLE DATA SHEET
Lab Name: Southwest Research Institute Client: Los Alamos National Laboratory
Lab Code: SwRI Project No.: 21592.01.00X
Matrix: Solid Date Made: 6/22/16
SRR #: 57871 Task Order #: 160627-5

SW 846 Method 1050 Test Method to
Determine Substances Likey to
Spontaneously Combust (Method C)
Results

Sample ID SwRI System ID Date Analyzed

UNS Blend 19 599959 Not a self—heating waste 06/24/16
UNS Blend 20 599960 Not a self-heating waste 06/24/16

Page 2 of 3
This report may not be reproduced except in its entirety without the written approval of SwRI,
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SOUTHWEST RESEARCH INSTITUTE

SW846 9095 Paint Filter Liquids Test

Lab Name: Southwest Research Institute

Lab Code: SwRI

SAMPLE DATA SHEET

Client: Los Alamos National Laboratory
Project No.: 21592.01.00X

Date Made: 6/22/16

Matrix: Solid

SRR #: 57871 Task Order #: 160627-5
Sample ID SwRI System ID Method 9095 Paint Filter Results Date Analyzed

UNS Blend 19 599959 No free liquids 06/24/16

UNS Blend 19 Dup 599959 No free liquids 06/24/16

UNS Blend 20 599960 No free liquids 06/24/16

Page 3 of 3

This report may not be reproduced except in its entirety without the written approval of SwRI.
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SOUTHWEST RESEARCH INSTITUTE
CLIENT: Los Alamos National Laboratory
SwRI PROJECT#: 21592.01.00X

SwRI TASK ORDER: 160627-5

SwRI SRR: 57871

SDG: 599959

VTSR: 06.24.2016

UN Oxidizer
Raw Data



Method:

Southwest Research Institute

WN- Oxidizer

Project #:

21592 . 0\ 00\«

Client: Los Alawws (LANLY

TO# k225

Ratio Rep

3:7
3:7
3:7
3:7
37
3:7 Avg
Ratio Rep

g~ O N =

2:3
2:3
2:3
2:3
2:3

g s WON =

2:3 Avg

Ratio Rep

3:2
3:2
3:2
32
3:2
3:2 Avg

[ IR S B

Weighted Samples:
Tested Samples:
Potassium Bromate:

Cellulose:
Variac Setting:

Reference Substance

KBrOg:Cellulose

010023

WtKBrO; g | Wt Cellulose, g
3.7 9 21
2:3 12 18
3:2 18 12
Actual KBrO3 | Actual Cellulose | Burning Time, Comment
Wt g Wt, g sec ~
2.97215 |Z21.00w0 | 4. 9]
Actual KBrO3 | Actual Cellulose | Burning Time,
Wt g Wi, g sec Comment
2.013S [1%. Quoz | 52.971
Actual KBrO3 | Actual Cellulose | Burning Time, Comment
Wt, g Wt g sec
189 0SA|12.0u2) 14, u5H

mo A\ C G C‘;}O&,\UQ_MOY\ Balance#: \35

Date: W/Z7//(¢

W\Q\/L\(,CL, 670%&&0(0“\ TimerD: 0229 T\

Date: L,g/Z‘//I(,;

Inorg#

Dried: 7 [2hvs @ LS C

Inorg# NS5~ 71759

Dried: 74 hrs. (@ {09 "c

IS0t W




Southwest Research Institute

010024

Method:  UN Oxidizer
Project #: 21592.01.006
Client: Los Alamos
TO# \661x-3
Sample Analysis
System ID: LKNS He\'\(‘ﬂ #ZO [Q.GJU
§ample:5ellulose Wit §ample, g | Wt éellulose, g
41 2 6
11 15 15
Ratio Rep Actu;l, tSagmple Actua\lNC;‘egulose BurniggcTime, Comment
4:1 1 _ZA' oLl U- 0 \\9% \@ ‘1({ © ondtring acnund o, Soke , o Aumes
a1 2 |24. 00( |4 . DmD [ig01a @ )
a1 3 [24.007% |ip.012% |l¥.40 ©
4:1 4 240045 [, O0 T\ [Ign.2n ©
a5 2400003 (L O 1o Y. Vv
4:1 Avg 7 ‘30 ' e fmoov urmad SF
Ratio Rep Actus\l, tSaémple Actua‘lN(ielglulose Burm:gchma, (e wllld me Comment
1:1 1 SONG [IS.0lg% l‘é?).oék? | v .
1:1 2 11S.0259 |15.00654 |{%2.50 Y
1:1 3 [[S.00%9 [IS. 0056134 4O Y
1:1 4 [15.0054 [1<. 01ST [1%7. Y
111 s [IS0[74 [iS-OvBuljsd. 70 & V
1:1 Avg | ' 2nm s . Powded
fumed off o 1B0s¢c.
Weighted Samples:  Monica Gabaldon Balance#: |5 S Date: (y/ Y u\Q
Tested Samples: Monica Gabaldon TimeriD: O 22 AL\ Date: (¢ / 271G
Sample Dried ? YES /@ Dried: NJ /+
Cellulose: Inorg# 1|1SS- 71755 Dried: >4hrs.@105C
Variac Setting: 150 + 7 Watts

Classification:

N3y Divisiumn S\




010025
Southwest Research Institute

Method:  UN Oxidizer
Project #: 21592.01.006
Client: Los Alamos
TO# \\oG 225
Sample Analysis
System ID: NS Rlend 419 [Blue]
§ample:5ellulose Wit §ample, g | Wt C-Jellulose, g
41 24 6 |
1:1 15 15
Ratio Rep Actus\ll tSagmple Actua\lNCielglulose Burni:gcTime, Comment
41 (oo 1022 LIS Olewying oued wive , Suakt y na fluings
4:1 2 (240140 [ig.O0HD [ [N. 54 ©
4:1 3 124003 kood"[102q O
1 4 1290070 [ Q0T w1072, ©
4:1 5 [24.00%4 [\ 0015 |in.2 Y WV
41 Avg ’ Yl 90 ; DTiwg power honed €. No repction
Ratio Rep Actuall tSagmple Actua\lN(iegulose Burrjlr;gchme, Comment
1:1 1 (5010 [15. 01851112 Blsmall Clangs o wive leadds, Smote dcbing
1:1 2 |IS.01LO |IS-O072/182.02 ©
1:1 3 [1S.0079 |[S-008) [I%4.00 &
1:1 s [S.60bq (IS 0p4z2 1§94 ©
1:1 5 US\0Z3Z (15,0124 [1%6.a7 @ W/
1:1 Avg 71 30 N g . Po
we o 180SEC-
Weighted Samples: Monica Gabaldon Balance#: |3S Date: Lﬁ/ 724 / [
Tested Samples: Monica Gabalidon Timer ID: 017—51 2 Date: (g { 2,7/ [ w
Sample Dried ? YES @ Dried: N &
Cellulose: Inorg# “7)1SS = 1171SA  Dried: >4hrs.@105C
Variac Setting: 150 + 7 Watts

Classification:

Nyt DiSion Sl
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SOUTHWEST RESEARCH INSTITUTE
CLIENT: Los Alamos National Laboratory
SwRI PROJECT#: 21592.01.00X

SwRI TASK ORDER: 160627-5

SwRI SRR: 57871

SDG: 599959

VTSR: 06.24.2016

Method 1050
Raw Data



.

010027

Southwest Research Institute®

Logbook: Miscellaneous
Book ID. # _15-0406-048 _

Analysis / Method: oSO Project# _ 21§92.0), 0 0¢
TAP# (if applicable): ~
Client: Las AMaoal= TO# __lm‘ g

Balance # /\/ /)?

LCS Info: ALB ™V: NA

\

Notes: Us Rlend ¥ 19 > "’LO
oy o GlIzHIle  1HSF
Moo i (6l7.6NG 1S3

Sample ID

UNS Bolend )9

guwy\,p Aoy SOwe!

| M. Mnoithee] contond . S
howee . (A p e | ¢f

locpe < hanld, =nd e
T, counphe B lconsilered £

[LUNS Blend #20

Seara Fle wok. Sore 5] p 6,4.,-«1& %W” 1
S

s - gree. . ) he giAiipated dol mgivhe . off ool |
’

_;&/‘Y\.L. | T 2 4"\/'4- 4z 3 SW NG PP 7hr s ‘\'(.U‘Yuﬂ ofF
Wogn Neded! e s To donoflemd Je nelNot ol Yemdvo

—

Calculation:

Analyst Signature: d?ﬂ/W W Date: _(, [ 244 ( ((,

Reviewed by: f%ﬂ 670&//0&_ Date: [(/ zy‘/ 1Y

Logbook #/ Page # 017 0061

FRM-292 (Rev 4/Mar 10)
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SOUTHWEST RESEARCH INSTITUTE
CLIENT: Los Alamos National Laboratory
SwRI PROJECT#: 21592.01.00X

SwRI TASK ORDER: 160627-5

SwRI SRR: 57871

SDG: 599959

VTSR: 06.24.2016

Method 9095
Paint Filter
Raw Data
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Southwest Research Institute®

Logbook: Miscellaneous
Book I.D. #__15-0406-048 _

Analysis / Method: Desind LMo U[Oalﬁ Project# _2 (569 ,cx. 0ot
TAP# (if applicable):
Client; L Adarnes TO# YR-17 ) el

Balance# [2K

LCS Info:  {socaier TV: feu)

Notes: , 2L : , Vb

_intn e beleer beloco.

Sample ID Weg_wslﬁx |

22\
v g

LCS el 2291 Foi\

| A d18 Bagind 20| (28,2914 Qo

| ULs Blend (4 loe. 24928 Naz>

| A Diend 19D | 100,95 | Quss

AY

7 \'l/u\‘yl

w\

~

Calculation:

/
Analyst Signature: M/Mf{/‘/ %/‘M Date: (, ! 24 (Cp

Reviewed by: 74{/%  GreedaAe~— Date: CQéS///LO

Logbook #/ Page # 017____ 0063

FRM-292 (Rev 4/Mar 10)
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SOUTHWEST RESEARCH INSTITUTE
CLIENT: Los Alamos National Laboratory
SwRI PROJECT#: 21592.01.00X

SwRI TASK ORDER: 160627-5

SwRI SRR: 57871

SDG: 599959

VTSR: 06.24.2016

Method 1030
Raw Data
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Southwest Research Institute®

Logbook: Miscellaneous
Book I.D. # _15-0406-048 _

Analysis / Method: 102N Project# _245%> 0] * CO4
TAP# (if applicable):
Client: Lo Aeumas TO# |6k 23%

Balance# wA

LCS Info: _gpreisice ¥ 6135 TV: fren cober 72,2 g dste—
Notes:
Sample [D Yourr Hime. laan (e
dcgms (OIS /o€
Lcs 1Z.0%see | 821
(AN Blend 19| 52 o 1 Scanaplec deee ood chacred Lid pt fucan o Slerve

(AAS DreNd 19DF Qod ey ouren.

-
/
f—=
N
u | )
/
/
e
Calculation:

Analyst Signature: ﬁb’\/ ) - Date: (b ] 2UG

Reviewed by: ()7’1 (na.,ﬁa/L Date: Cq,/ &6{ /l %

Logbook #/ Page # 017 0062

FRM-292 (Rev 4/Mar 10)



010032

SOUTHWEST RESEARCH INSTITUTE
CLIENT: Los Alamos National Laboratory
SwRI PROJECT#: 21592.01.00X

SwRI TASK ORDER: 160627-5

SwRI SRR: 57871

SDG: 599959

VTSR: 06.24.2016

Surrogate Preparation
Logbook Pages
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PROJECT NO. 2\592,01.006

BOOK NO.

15 -6466-05%
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SOUTHWEST RESEARCH INSTITUTE
CLIENT: Los Alamos National Laboratory
SwRI PROJECT#: 21592.01.00X

SwRI TASK ORDER: 160627-5

SwRI SRR: 57871

SDG: 599959

VTSR: 06.24.2016

Balances and DI Water
Verification Logs



Southwest Research Institute®

Division 01, Building 70 010036
Inorganic’s Balance Verification Log
Book 1.D.: 15-0406-055
Balance Asset Manufacturer Serial Location Number of Maximum
Number Number Number Places Weight
135 020014 Mettler Toledo | B338797310 Lab 47 4" 220 g
5(]1 8] g
Std Wt.200 g Stdwt.2 g Std Wt. 0.02 g
AN#011988 AN # 020641 AN # 012685
Date Operator Tolerance: Tolerance: Tolerance:
199.9800-200.0200 g 1.99980-2.00020 g 0.01995-0.02005 g
Recorded Wt. (mg) Recorded Wt. (mg) Recorded Wt. (mg)
- ‘ = ,
wliojite ] J04 | 199.999%  |d. 00003 (1. 61495
efiafie ] Somn | 1945 9499, L4999 9¢ ©.O200)
GiHle] SAM 1 199, 9998 .9 7999 0. (202
IS e | Sam 199, 99946 49993 ¢, 01914
il v | 199.999f A.0001% L.QwWiy
-12-1L LE 1% G.9998 2Z.ocoad 0.0260|
Le-19-11n | SAM 199 9993 [.g9491% G . 02000
L20-lb KE L9e. 999 2.cc008 opldid
/2] SAM ] 199.999% [ 9999% ©.0jy9%
p-z2-te | KE | <94 % [ 4959t @0 1%L
623 -\6 Ké | 4. At G929 ¢ 0.0 \ B
(2w | KE \ 599 L2 QeTIs &0 \\%%
GI[THIC | SAm 199.999% 7. 00004 02000
L-28-\¢ | KE ($2-9998 2.coocod 6.62 &0 2
Comments:

FRM-598 (Rev 1/May 14)
Page 7 of 25




B
€

Southwest Research Institute®
Division 01, Building 70
~Inorganic’s Balance Verification Log

010037

Book LD.# 11-0406-062_

Balance Asset Manufacturer Model Location Number of Maximum
Number Number Number Places Weight
89 014982 Mettler Toledo XP5003S Lab 24 2™ 5100 g
3¢ ~1000g
Asset# 015583 Asset# 015580 Asset# 015584
Std Wt. 5000 g Std Wt. 100 g StdWt.2 g
Date Operator Tolerance: Tolerance: Tolerance:
4999.50-5000.50 g 99.990-100.010 g 1.996-2.004 g
Recorded Wt. (mg) Recorded Wt. (mg) Recorded Wt. (mg)
S1I61G | SA, 49499.9%F “1.99% |.998
Shdlle | spm 4949.9F 949.99¢ 2.000
G i T AN 44999.9% 94,949¢€ 1.999
k12l | SAM 4999.9% 49. 998 L.60]
LUHG 4999, 99 94,998 2. 00|
(olipttl | S P 4444, 9% q9,949¢ Z-00d
Comments:

FRM-441 (Rev 1/Oct 11)

Page 5of 1
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BUILDING 70

Book ID#:__1 4-0406—?%?03 8
D.I. WATER SYSTEM NOTEBOOK

SOUTHWEST RESEARCH INSTITUTE

Contact Envoqua Water Technologies (1-800-466-7873) for repairs/exchanges. (Make sure to have a P.O.)

HIGH PURITY SYSTEM (HP)
C
RESISTIVITY MONITOR LI(?HTS USAGE
Qc | ac
DATE / TIME INITIALS | (M OHMS) QCLT. 1 2 (GALS) | COMMENTS
vkl 3s | Dlwz | 163 — 1= T olr | —
o) || Dbz 11, 9 — A — 1 ni | _—
Sl |sls | Dlwg | )94 « | — | nhnr | —
shuhe i | i s [ | nh —
sinie Ky | Dbeg 11,94 — 1 | nlw —
A AT "l N.94 — s ni e
gl 15 | Dz 1 1) 94 v A Inw |~
Sholie sy | Dwz | N 74 . — | plt |
sl 19 |04 11093 - A1 | o —
il 81 | DD o Nl "
S vy | 90~ 1193 — — | lyh
Sheh e | Dben | NA3 | ~ Af -
Ve 1590 | DG 11,93 Sl | —
yhe 45 | Dl 11).74 L | o s e~
1 X E s X | A X440 22
thle hio | DGz [1.63 o X 1 1nm | "ddas
Legend: Check = Green (OK); X = Red (call for service) ’
LOW PURITY SYSTEM (LP)
QC LIGHTS USAGE
DATE / TIME | INITIALS QC1 QC2 (GALS) COMMENTS
SValle B3 | Dz |~ o |y | —
sholte - |Dbn |~ — Ko |Nyo€ ] | o—
At | 00 o — Ko D9l E e —
Shelie e | Do | — o0 319e.Ss | —
sl Jany | Db | o~ | — g0 R | e —
el > | Db 1o — Ko 319353 |—
SIElG Mok | PP | o | 80 Beve | o
Solle kS | Dowe | e — £ PBHdgyd | —
el Mg | O | e~ _ o BRG] | —
Syl e | Dbw2 | — — Ao Pweds
sbslle g | D e~ — o R4 | o~
Shole 1t | Din | o - o B rs |
sl Jsig | DPwr | T 10 399020 e
RRITAS) " — _— )0 37039 |~
Gl M | D - - Mo DBy |—
pdle Yoz | o~ _~ o Rug 1 1o

Legend: Check = Green (OK); X = Red (call for service)

Page 30 of 50

FRM-019 (Rev 3/Jun 14)




BUILDING 70

Book ID#: 14-0406-0
—H16039
D.I. WATER SYSTEM NOTEBOOK

SOUTHWEST RESEARCH INSTITUTE

Contact Envoqua Water Technologies (1-800-466-7873) for repairs/exchanges. (Make sure to have a P.O.)

HIGH PURITY SYSTEM (HP)
C
RESISTIVITY MONITOR LI(?HTS USAGE
Qc | Qc

DATE / TIME | INITIALS | (M OHMS) QCLT. 1 2 (GALS) | COMMENTS
(hlie NS | Db [7.04 | Y1 1 plp | elaep
olle st | 0B 1N T4 e Xl |nln | porchng
Chlie 10 | Deaz (193 W X o 1 ol | pendod
LI o1 Dfmz. 1 D73 / X . | Vg [

.2 | Dby 1093 - X | o nin | fordig
Whle 163 | 0ha |13 - Y o | nin | 0htne
GIlle 1St 0Re | DD — o | nla  [CREENIY
oIl 189S | Doy (L3 L P nlp | —
sl sn 1 pha 11093 o — —1 nin |
Lol ne | D& [0.93 —— | — 1| ok | —
LIl 150 | Dl | D73 — | | 2l |——
Johe Nss | DGz 1. 9M e o L= | nin L

e 17235 | Ol 110,93 — | = ok —
e 160 | Dha 1163 / N1 A |
Ul st | D8a [ D93 — — | — i | —
bvle 2l g 1N | | - Ink |—
Legend: Check = Green (OK); X = Red (call for service) '

LOW PURITY SYSTEM (LP)
QC LIGHTS USAGE

ATE / TIME | INITIALS QCL QC2 (GALS) COMMENTS
NG 058 | Do | LT c— 60 [372989.0 | ——
Lielle 1§ 1 DA " i Dygd 3 —
LD 1o D3z " — /6,0 37969. > | e—
ol 3 | Bz | e~ — o I3yan e —
Ulglle Nog | D2 | — w0 1314524 —
Lhle 163y | Dlwr |~ % 160 134953 —
Gple losk | D | o — — o 130y -
ol ) | Dl | o — T B2 I
Ghisling | 0P | o— _— 60 1353l 3 | —
i e 751 | Db | o — ep 395226 | —
Wl )51 | Gz | e — /0 D3 —
(f\a)hl.ﬂ sy DP\A‘\Z - — I&(D 3530 .4 —
Loudie 3¢ | Dbe | e — Ko |Ns3gld | o~
ol o | D | o— — )80 340, | —
L3N 175 Dz o — 5.0 39 )4 —
D 3o | Bl [ - T NsY 43 —

Legend: Check = Green (OK); X = Red (call for service)

Page 31 of 50

FRM-019 (Rev 3/Jun 14)
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SOUTHWEST RESEARCH INSTITUTE
CLIENT: Los Alamos National Laboratory
SwRI PROJECT#: 21592.01.00X

SwRI TASK ORDER: 160627-5

SwRI SRR: 57871

SDG: 599959

VTSR: 06.24.2016

Certificates of Calibration



010041

Calibration Certificate = [ECCREDITED)

Cailbration Laboratory
Certificate # 3759.01

Cost Center: 01 CHEMISTRY & CHEMICAL ENGINEERING Certificate Number: 46011

Asset Number: 018344 Calibrated:  2/1/2016
Description: OVEN Calibration Due:  2/1/2017
Manufacturer.  THERMO SCIENTIFIC Data Type: FOUND / LEFT
Model Number:  HERATHERM OMS60 Temp/RH: 70 °F / 42 %
Serial Number. 41241291 Work Order# 403137157

Calibration Procedure: OVENS, CHAMBERS, INCUBA

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL Z540-1-1994 and relevant
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute
Calibration Laboratory and shall not be used to claim product endorsement by SWRI® or any agency of the U.S. Government.

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out
of tolerance condition before this date.

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended
use of the instrument.

Measurement uncertainties are calculated in accordance with the methods described in the 1ISO "Guide to the Expression of Uncertainty in
Measurement” (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% leve! of confidence. See Remarks or attached
Measurement Report with the same Work Order number for data.

Remarks:

Standards Used To Calibrate Equipment

Asset Manufacturer Model Description Cal. Due Date
015454  HARTSCIENTIFIC 5627A ) _ THERMOMETER PRT ~ 2118/2016
018495 FLUKE 1523 TEMPERATURE METER 2/18/2016

7

/0.
Ly -C . - /f"("“?’f’c '(‘:%-“" Calibrated By: RRV
/ Approved By d // Metrology Technician

l Institute Calibration Laboratory, Bldg. 64, San Antonlo, TX 78227, ext. 6215 Page 1 of 1




Southwest Research Institute
Calibration Laboratory
Measurement Report

010042

Work Order: 403137157 Mfr: Thermo Scientific Technician: RRV
Asset No: 018344 Mode!: Heratherm OMS60 Type Data: Found-left
Serial No: 41241291 Type: Oven Chamber Cal Date: 1-Feb-16

Remarks: Calibration limits per customer request. Chamber exceeds 70% of limit at the 200 °C test point.
Customer to determine if the result found meets their requirements. Temperature uniformity not calibrated

Function/Range Test Point Tl Reading Difference £ Limit + Uncertainty Result % Limit
Temperature °C °C °C °C °C
50°C 50.4 50.0 -0.4 2.0 0.18 Pass 20%
100°C 101.0 100.0 -1.0 Pass 50%
150 °C 152.1 150.0 -2.1 3.0 Pass 70%
200 °C 203.2 200.0 -3.2 40 Pass 80%
END OF REPORT
U:\CC30\MCL\Data Sheets\Temperature\Ovens Div 01_28 Dec 11 Page 1 of 1
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Sl
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(1

Southwest Research Institute

|[ACCREDITED]

Callbration Laboratory
Certificate # 3759.01

Calibration Certificate

Cost Center: 01 CHEMISTRY & CHEMICAL ENGINEERING B B Certif_lcate Number: 36974

Asset Number: 022396 - Calibrated:  8/19/2015
Description: THERMOCOUPLE, TYPE K Calibration Due:  8/19/2016
Manufacturer: DIGI-SENSE Data Type: ASLEFT :
Mong_Number: 93631-11 M M Temp /RH T73€°F / 58 %
Serial Number: 22396 ) " Work Order# 403133757

Calibration Procedure; TEMPERATURE PROBES

This certificate documents traceability to the International System of Units (Sl) through the National Institute of Standards and Technology (NIST) or
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL Z540-1-1994 and relevant
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute
Calibration Laboratory and shall not be used to claim product endorsement by SWRI® or any agency of the U.S. Government.

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out
of tolerance condition before this date.

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended
use of the instrument.

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in
Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached
Measurement Report with the same Work Order number for data.

Remarks:
CAL -80 °C TO 1000 °C. See Measurement Report for values and limits applied.

Standards Used To Calibrate Equipment

Asset Manufacturer Model Description Cal. Due Date
009137 HART SCIENTIFIC 1575 SUPER THERMOMETER 111312016
010281  HARTSCIENTIFIC 5628  SPRT 2192016
010814 HART SCIENTIFIC 1529 TEMPERATURE METER 11/21/2015
013617 HART SCIENTIFIC 5650 THERMOCOUPLE PROBE TYPE € 5/8/2016
013308 HART SCIENTIFIC 5628 ~SPRT 21182016
015240 HART SCIENTIFIC 2566 THERMOCOUPLE SCANNER, 124 11/20/2015
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Approved By
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Calibrated By:

MAR

Metrology Technician

l Institute Calibration Laboratory, Bidg. 64, San Antonlo, TX 78227, ext. 5215

Page 1 of 1




Southwest Research Institute
Calibration Laboratory
Measurement Report

010044

Work Order:

403133757 Mfr. Digi-Sense Technician: Mark Romero
Asset No. 022396 Model 93631-11 Type Data: As-found
Serial No. 22396 Type. Thermocouple, Type K Cal Date: 18-Aug-15
Remarks:
Function/Range Test Point T! Reading Difference +- Limit _ +/- Uncertainty Result % Limit
Temperature °C °Cc °C °C °Cc
-79.6 -76.1 35 2.2 0.5 Fail 159%
99.7 99.3 -04 2.2 0.5 Pass 20%
398.4 401.4 3.0 3.0 1.3 Fail? 100%
699.3 702.6 3.3 52 1.3 Pass 63%
1002.6 1002.4 -0.2 7.5 1.3 Pass 3%
END OF REPORT

U:\CC30\ICL\Data Sheets\Temperature\Thermocouple_17 Aug 11
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Southwest Research Institute
Calibration Laboratory
Measurement Report

010045

Work Order: 403133757 Mfr. Digi-Sense Technician: Mark Romero
Asset No. 022396 Model 93631-11 Type Data: As-left
Serial No. 22396 Type. Thermocouple, Type K Cal Date: 19-Aug-15

Remarks: limits set to +5% of reading for test point at -80 T and 400 T and above, per customer. Rem ainder of test
points calibrated to standard Type K limits.

Function/Range Test Point Tl Reading Difference +/-Limit __ +/- Uncertainty Result % Limit
Temperature °Cc °C °Cc °Cc °Cc

-79.6 -76.1 3.5 4.0 0.5 Pass 88%
-44.4 42.8 1.6 22 0.5 Pass  73%

-0.1 0.3 0.4 22 0.5 Pass 18%
99.7 99.3 0.4 22 0.5 Pass  20%
398.4 401.4 3.0 20.0 1.3 Pass 15%
699.3 702.6 3.3 35.0 1.3 Pass 9%
1002.6 1002.4 -0.2 50.0 1.3 Pass 0%

END OF REPORT

UACC30MCL\Data Sheets\Temperature\Thermocouple_17 Aug 11
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010046

'_\'il:ﬁ%k Southwest Research Institute
mY, Calibration Certificate [AccREDITED]

472

=" 1® Callbration Laboratory
Certificate # 3759.01

Cost Center: 01 CHEMISTRY & CHEMICAL ENGINEERING Certificate Number: 47205

Asset Number: 022923 - - o  Calibrated: ~ 2/22/2016
Description: THERMOCOUPLE TYPE K Calibration Due:  2/22/2017
Manufacturer: DIGI-SENSE Data Type: AS LEFT

Mode! Number: 08516-96 Temp./RH: 747°F / 38 %

Serial Number: 22023 Work Order# 403137431
Calibration Procedure: TEMPERATURE PROBES

This certificate documents traceability to the international System of Units (SI) through the National Institute of Standards and Technology (NIST) or
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL Z540-1-1994 and relevant
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute
Calibration Laboratory and shall not be used to claim product endorsement by SWRI® or any agency of the U.S. Government.

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out
of tolerance condition before this date.

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or
implied by this certificate. The customer has sole responsibility for determination of infout-of-tolerance or compliance/noncompliance for the intended
use of the instrument.

Measurement uncertainties are calculated in accordance with the methods described in the 1ISO "Guide to the Expression of Uncertainty in
Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached
Measurement Report with the same Work Order number for data.

Remarks:
CAL -45°C TO 1100 °C. Limits at 45 °C £3 °C, rest of range meets normal type K specifications.

Standards Used To Calibrate Equipment

Asset Manufacturer Model Description Cal. Due Date
009414 ~ HART SCIENTIFIC ) 1502A - _ TEMPERATURE METER W/PROBI 6/22/12016
010814 HART SCIENTIFIC 1529 TEMPERATURE METER 11/3/12016
013617 HART SCIENTIFIC 5650 THERMOCOUPLE PROBE TYPE £ 5/8/2016
015240 HART SCIENTIFIC 2566 B THERMOCOUPLE SCANNER, 12 11/3/2016
015895 HART SCIENTIFIC 5618B RTD 6/22/2016
o‘/ g/
R B ety d ey A Calibrated By: MAR
/ Approved By # / Metrology Technician

| Institute Callbration Laboratory, Bldg. 64, San Antonlo, TX 78227, ext. 5215 Page 1 of 1




Southwest Research Institute
Calibration Laboratory
Measurement Report

010047

Work Order: 403137431 Mfr: Digi-Sense Technician: Mark Romero
Asset No.: 022923 Model: 08516-96 Type Data: As-found
Serial No.: 22923 Type: Thermocouple Type K Cal Date: 18-Feb-16
Remarks:
Function/Range Test Point T! Reading Difference + Limit + Uncertainty Result % Limit
Temperature °C °C °C °C °C
-79.1 -76.3 2.8 22 0.5 Fail 127%
0.2 0.0 -0.2 22 0.5 Pass 9%
396.7 396.0 -0.7 3.0 1.3 Pass 24%
698.9 698.0 -0.9 52 1.3 Pass 17%
1101.6 1094.9 6.7 8.3 1.3 Pass 81%
END OF REPORT

U\CC30MCL\Data Sheets\Temperature\Thermocouple_29 Dec 15
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Southwest Research Institute
Calibration Laboratory
Measurement Report

010048

Work Order: 403137431 Mfr: Digi-Sense Technician: Mark Romero
Asset No.: 022923 Model: 08516-96 Type Data: As-left
Serial No.: 22923 Type: Thermocouple Type K Cal Date: 22-Feb-16

determine if readings meet their requirements.

Remarks: customer requested limits for test point -45 T be £3 T. A reading exceeded 70% of limits. Customer to

+ Uncertainty Result % Limit

Function/Range Test Point T! Reading Difference £ Limit
Temperature °C °C °C °C
-44.9 -43.0 1.9 3.0
0.2 0.0 -0.2 2.2
396.7 396.5 -0.2 3.0
698.9 698.0 -0.9 52
1101.6 1094.9 6.7 8.3
END OF REPORT

UACC30\CL\Data Sheets\Temperature\Thermocouple_29 Dec 15

°C

0.5 Pass 63%
0.5 Pass 9%
1.3 Pass 7%
1.3 Pass 17%
1.3 Pass 81%

Page 1 of 1




010049

Southwest Research Institute
Calibration Certificate [ACCREDITED)

Callbration Laboratory
Certlficate # 3759.01

Cost Center: 01 CHEMISTRY & CHEMICAL ENGINEERING Certificate Number: ~ 38184
AssetNumber. 022488 "~ Calibrated: = 9/10/2015
Description: THERMOCOUPLE PROBE TYPEK ' Calibration Due: ~ 9/10/2016
Manufacturer: DIGI- SENSE ' Data Type: FOUND/LEFT
Model Number: 08516-96 _ ~ Temp/RH: 73.2°F / 62 %
Serial Number. 22488 - Work Order# 403134274

Calibration Procedure: TEMPERATURE PROBES

This certificate documents traceability to the International System of Units (S1) through the National Institute of Standards and Technology (NIST) or
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL Z540-1-1994 and relevant
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute
Calibration Laboratory and shall not be used to claim product endorsement by SWRI® or any agency of the U.S. Government.

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out
of tolerance condition before this date.

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overiap the test limit and
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended
use of the instrument.

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in

Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached
Measurement Report with the same Work Order number for data.

Remarks:
CAL -40°C TO 1000 °C

Standards Used To Calibrate Equipment

Asset Manufacturer Model Description Cal. Due Date
009137 HART SCIENTIFIC 1575 SUPER THERMOMETER 1/13/2016
010281  HARTSCIENTIFIC 5628  SPRT o - T 2192016
010814 HART SCIENTIFIC 1529 TEMPERATURE METER 11/21/2015
013617 HART SCIENTIFIC 5650 THERMOCOUPLE PROBE TYPE € 5/8/2016
013908 HARTSCIENTIFIC 5628 SPRT 211812016
015240 _HART SCIENTIFIC 2566 _ THERMOCOUPLE SCANNER, 12 11/20/2015

7

i
g "’fﬁ’f‘d"%"" Calibrated By: MAR
// Approved By /7 // Metrology Technician

| Institute Calibration Laboratory, Bldg. 64, San Antonlo, TX 78227, ext. 5215 Page 1 of 1 J




010050

Southwest Research Institute
Calibration Laboratory
Measurement Report

Work Order: 403134274 Mfr. Digi-Sense Technician: Mark Romero
Asset No. 022488 Model 08516-96 Type Data: Found-left
Serial No. 22488 Type. Thermocouple Probe, Type K |Cal Date: 10-Sep-15

Remarks: a reading exceeded 70% of limits. No adjustment possible. Customer to determine if readings meet their
requirements.

Function/Range Test Point TI Reading Difference +-Limit _ +/- Uncertainty Result % Limit
Temperature °C °Cc °C °Cc °C
-39.8 -37.9 1.9 2.2 0.5 Pass 86%
99.7 99.2 -0.5 22 0.5 Pass  24%
498.0 498.3 0.4 3.7 1.3 Pass 9%
750.3 749.9 -0.4 56 1.3 Pass 7%
1002.9 1000.5 -2.4 7.5 1.3 Pass 32%
END OF REPORT

U\CC30MCL\Data Sheets\Temperature\Thermocouple_17 Aug 11 Page 1 of 1




010051

%ﬂ“nm‘% Southwest Research Institute
0

1 I Calibration Certificate (AccREDITED)

\ |
Calibration Laboratory
Certificate # 3759.01

Cost Center: 01 CHEMISTRY & CHEMICAL ENGINEERING Certificate Number: 38121
Asset Number: 022476 Calibrated: 9/9/2015
Description: THERMOCOUPLE PROBE TYPE K Calibration Due:  9/9/2016
Manufacturer: DIGI-SENSE Data Type: FOUND/LEFT
Model Number 08516-96 - Temp./RH:  74.2°F / 56 %
Serial Number: 22476  Work Order# 403134199

Calibration Procedure: TEMPERATURE PROBES

This certificate documents traceability to the International System of Units (Si) through the National institute of Standards and Technology (NIST) or
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL Z540-1-1994 and relevant
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute
Calibration L.aboratory and shall not be used to claim product endorsement by SWRI® or any agency of the U.S. Government.

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due

for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out
of tolerance condition before this date.

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended
use of the instrument.

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in

Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached
Measurement Report with the same Work Order number for data.

Remarks:
CAL -40 °C TO 1000 °C

Standards Used To Calibrate Equipment

Asset Manufacturer Model Description Cal. Due Date
009137 HART SCIENTIFIC 1575 SUPER THERMOMETER 111312016
010281  HART SCIENTIFIC 5628 ~  SPRT 202006
010814 HART SCIENTIFIC 1529 TEMPERATURE METER 11/21/2015
013617 HART SCIENTIFIC 5650 THERMOCOUPLE PROBE TYPE ¢ 5/8/2016
013908 ~ HART SCIENTIFIC 5628 ~ SPRT ' © 21812016
015240 HART SCIENTIFIC 2566 THERMOCOUPLE SCANNER, 12-( 11/20/2015

7

g7
22 et -f"“?’f‘:’{ il Calibrated By: MAR
/ Approved By Vd / Metrology Technician

I Institute Callbration Laboratory, Bidg. 64, San Antonio, TX 78227, ext. 5215 Page 1 of 1




010052

Southwest Research Institute
Calibration Laboratory
Measurement Report

Work Order: 403134199 Mfr. Digi-Sense Technician: Mark Romero
Asset No. 022476 Model 08516-96 Type Data: Found-left
Serial No. 22476 Type. Thermocouple Probe, Type K |Cal Date: 9-Sep-15

Remarks: a reading exceeded 70% of limits. No adjustment possible. Customer to determine if readings meet their
requirements.

Function/Range Test Point T! Reading Difference +/- Limit  +/- Uncertainty Result % Limit
Temperature °Cc °C °C °C °Cc
-39.8 -37.9 1.9 22 0.5 Pass 86%
99.7 99.0 -0.7 2.2 0.5 Pass 33%
498.0 497.7 -0.3 3.7 1.3 Pass 7%
750.3 749.6 -0.7 5.6 1.3 Pass 12%
1002.9 999.9 -3.0 7.5 1.3 Pass 40%
END OF REPORT

U:\CC30MCL\Data Sheets\Temperature\Thermocouple_17 Aug 11 Page 1 of 1
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Sl
(RIRA
i

p )‘\ Southwest Research Institute
Calibration Certificate [ACCREDITED)

® Calibration Laboratory

Certificate # 3759.01
Cost Center: 01 CHEMISTRY & CHEMICAL ENGINEERING Certificate Number: 53401
Asset Number: 023174 : ~ Calibrated:  5/2522016
Description: "~ THERMOCOUPLE TYPE K - ~ Calibration Due:  5/25/2017
Manufacturer: DIGKSENSE ~ DpataType: FOUND/LEFT
Model Number:  08516-96 Temp./RH:  75.4°F | 57 %
Serial Number: 23174 ” Work Order # 403139870

Calibration Procedure;: TEMPERATURE PROBES

This certificate documents traceability to the international System of Units (SI) through the National Institute of Standards and Technology (NIST) or
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL Z540-1-1994 and relevant
requirements of ISO 9001-2008. This certificate shali not be reproduced, except in full, without written approval of Southwest Research institute
Calibration Laboratory and shall not be used to claim product endorsement by SWRI® or any agency of the U.S. Government.

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out
of tolerance condition before this date.

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended
use of the instrument.

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in

Measurement” (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached
Measurement Report with the same Work Order number for data.

Remarks:
CAL -45 °C TO 200 °C.

Standards Used To Calibrate Equipment

Asset Manufacturer Model Description Cal. Due Date
009137 HART SCIENTIFIC 1575 SUPER THERMOMETER 12/9/2016
010281  HARTSCIENTIFIC 5628 T eeRT T apenmow
013908 HART SCIENTIFIC 5628 SPRT 212412017
015240 _HART SCIENTIFIC 2566 THERMOCOUPLE SCANNER, 12-(  11/3/2016

7

57
R R ot Al A Calibrated By: MAR
[/ Authorized Signataf{/' / Metrology Technician

I Institute Callbration Laboratory, Bldg. 64, San Antonlo, TX 78227, ext. 5215 Page 1 of 1




010054

Southwest Research Institute
Calibration Laboratory
Measurement Report

Work Order: 403139870 Mfr: Digi-Sense Technician: Mark Romero
Asset No.: 023174 Model: 08516-96 Type Data: Found-left
Serial No.: 23174 Type: Thermocouple Type K Cal Date: 25-May-16

Remarks: a reading exceeded 70% of limits. No adjustment possible. Customer to determine if reading meets their
requirements.

Function/Range Test Point Tl Reading Difference £ Limit + Uncertainty Result % Limit
Temperature °C °C °C °C °C
-44.9 -43.0 1.9 2.2 0.5 Pass 86%
0.0 0.3 0.3 2.2 0.5 Pass 14%
99.7 99.4 -0.3 2.2 0.5 Pass 14%
200.5 200.8 0.3 2.2 0.5 Pass 14%
END OF REPORT

U:\CC30\MCL\Data Sheets\Temperature\Thermocouple_29 Dec 15 Page 1 of 1




010055

Southwest Research Institute
Calibration Certificate [ACCREDITED)

Calibration Laboratory

ﬁ

Certificate # 3759.01
Cost Center: 01 CHEMISTRY & CHEMICAL ENGINEERING Certificate Number: 38118
Asset Number: 022473 Calibrated: 9/9/2015
Description: THERMOCOUPLE PROBE TYPEK ' Calibration Due:  9/9/2016
Manufacturer: DIGI-SENSE ' ' "  DataType: FOUND/LEFT
Mode! Number: 08516-96 )  TempJRH: 74.3°F | 56 %
Serial Number: 22473 | Work Order # 403134196

Calibration Procedure: TEMPERATURE PROBES

This certificate documents traceability to the international System of Units (SI) through the National Institute of Standards and Technology (NIST) or
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL 2540-1-1994 and relevant
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute
Calibration Laboratory and shall not be used to claim product endorsement by SWRI® or any agency of the U.S. Government.

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out
of tolerance condition before this date.

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended
use of the instrument.

Measurement uncertainties are calculated in accordance with the methods described in the 1ISO "Guide to the Expression of Uncertainty in

Measurement” (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached
Measurement Report with the same Work Order number for data.

Remarks:
CAL -40 °C TO 1000 °C

Standards Used To Calibrate Equipment

Asset Manufacturer Model Description Cal. Due Date
009137 ~ HARTSCIENTIFIC 1575 _ SUPER THERMOMETER - 1132016
010281 HART SCIENTIFIC 5628 SPRT ) 2/19/2016
010814 HART SCIENTIFIC 1529 TEMPERATURE METER 11/21/2015
013617 HART SCIENTIFIC 5650 ~ THERMOCOUPLE PROBETYPE S  5/8/2016
013908 HART SCIENTIFIC 5628 SPRT 2/18/2016

7

%7
g-<. "gﬁ“f’f‘e‘( il Calibrated By: MAR
// Approved By # K/// Metrology Technician

l Institute Callbration Laboratory, Bidg. 64, San Antonio, TX 78227, ext. 5215 Page 1 of 1




010056

Southwest Research Institute
Calibration Laboratory
Measurement Report

Work Order: 403134196 Mfr. Digi-Sense Technician: Mark Romero
Asset No. 022473 Model 08516-96 Type Data: Found-left
Serial No. 22473 Type. Thermocouple Probe, Type K |Cal Date: 9-Sep-15

Remarks: a reading exceeded 70% of limits. No adjustment possible. Customer to determine if readings meet their
requirements.

Function/Range Test Point T1 Reading Difference +/- Limit __ +/- Uncertainty Result % Limit
Temperature °C °C °C °C °C
-39.8 -38.2 1.6 2.2 0.5 Pass 72%
99.7 99.2 -0.5 22 0.5 Pass 24%
498.0 498.7 0.8 37 1.3 Pass 20%
750.3 750.9 0.6 5.6 1.3 Pass 1%
1002.9 1001.5 -1.4 75 1.3 Pass 19%

END OF REPORT

U\CC30\CL\Data Sheets\Temperature\Thermocouple_17 Aug 11 Page 1 of 1




010057

Southwest Research Institute
Calibration Certificate [ACCREDITED]

Calibration Laboratory

Certificate # 3759.01
Cost Center: 01 CHEMISTRY & CHEMICAL ENGINEERING Certificate Number: 47207
Asset Number: 022925 Calibrated: 2/22/12016
Description: THERMOCOUPLE TYPE K Calibration Due:  2/22/2017
Manufacturer: DIGI-SENSE Data Type: AS LEFT
Model Number: 08516-96 Temp./RH:  747°F / 38 %
Serial Number: 22925 © WorkOrder# 403137433

Calibration Procedure: TEMPERATURE PROBES

This certificate documents traceability to the international System of Units (Si) through the National Institute of Standards and Technology (NIST) or
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL Z540-1-1994 and relevant
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute
Calibration Laboratory and shall not be used to claim product endorsement by SWRI® or any agency of the U.S. Government.

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out
of tolerance condition before this date.

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended
use of the instrument.

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in

Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached
Measurement Report with the same Work Order number for data.

Remarks:
CAL -45 °C TO 1100 °C. Limits at -45 °C 13 °C, rest of range meets normal type K specifications.

Standards Used To Calibrate Equipment

Asset Manufacturer Model Description Cal. Due Date
009414  HARTSCENTIFIC  1502A ~ TEMPERATURE METERW/PROBI 612212016
010814 HART SCIENTIFIC 1529 TEMPERATURE METER 11/3/2016
013617 HART SCIENTIFIC 5650 THERMOCOUPLE PROBE TYPE € 5/8/2016
015240 HART SCIENTIFIC 2566 THERMOCOUPLE SCANNER, 12-( 11/3/2016
015895 HART SCIENTIFIC 56188 o RTD ' 82212018

7

5.
4-¢ . ofee Rl Calibrated By:  MAR
// Approved By rd /7 Metrology Technician

| Institute Calibratlon Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 Page 1 of 1




Southwest Research Institute
Calibration Laboratory
Measurement Report

010058

Work Order: 403137433 Mfr: Digi-Sense Technician: Mark Romero
Asset No.: 022925 Model: 08516-96 Type Data: As-found
Serial No.: 22925 Type: Thermocouple Type K Cal Date: 18-Feb-16
Remarks:
Function/Range Test Point Tl Reading Difference + Limit + Uncertainty Result % Limit
Temperature °C °C °C °C °C
-79.1 -75.9 3.2 2.2 0.5 Fail 145%
0.2 0.2 0.0 2.2 0.5 Pass 0%
396.7 396.4 -0.3 3.0 1.3 Pass 10%
698.9 698.5 -0.4 52 1.3 Pass 8%
1101.6 1095.9 5.7 8.3 1.3 Pass 69%
END OF REPORT

U:\CC30\MICL\Data Sheets\Temperature\Thermocouple_29 Dec 15
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010059

Southwest Research Institute
Calibration Laboratory
Measurement Report

Work Order: 403137433 Mfr: Digi-Sense Technician: Mark Romero
Asset No.: 022925 Model: 08516-96 Type Data: As-left
Serial No.: 22925 Type: Thermocouple Type K Cal Date: 22-Feb-16

Remarks: customer requested limits for test point -45 T be +3 T. A reading exceeded 70% of limits. Customer to
determine if readings meet their requirements.

Function/Range Test Point Tl Reading Difference + Limit + Uncertainty Result % Limit
Temperature C °C °C °C °C

-44.9 -42.5 24 3.0 0.5 Pass 80%

0.2 0.2 0.0 22 0.5 Pass 0%

396.7 396.4 -0.3 3.0 1.3 Pass 10%

698.9 698.5 -04 5.2 1.3 Pass 8%

1101.6 1095.9 -5.7 8.3 1.3 Pass 69%

END OF REPORT

U:\CC30MCL\Data Sheets\Temperature\Thermocouple_29 Dec 15 Page 1 of 1
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hf@i% Southwest Research Institute
L7}  calibration Certificate  (AccrebiTeD)

=" |® Calibration Laboratory

L

Certificate # 3759.01
Cost Center: 01 CHEMISTRY & CHEMICAL ENGINEERING Certificate Number: 39984
Asset Number: 020014 Calibrated: 10/7/2015
Description: BALANCE Calibration Due:  10/7/2016
Manufacturer: METTLER Data Type: FOUND/LEFT
Mode! Number: XS205DU Temp./RH: 72 °F [/ 49 %

Serial Number: B338797310
Calibration Procedure: BALANCES & SCALES

Work Order # 403134943

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or other
national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL Z540-1-1994 and relevant requirements of ISO
9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research Institute Calibration Laboratory and shall
not be used to claim product endorsement by SWRI® or any agency of the U.S. Govemment.

Results of this calibration relate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due for
recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out of
tolerance condition before this date.

Data type shall be interpreted as follows: Found-ieft - data recorded and no adjustment or repair was performed. As-left - data recorded after adjustment
or repair was performed. As-found data are reviewed and the customer notified when the as-found resuits are other than pass and/or greater than 70
percent of the test limit. Pass? or Fail? indicate the measured value, pius or minus the expanded uncertainty, overlap the test limit and it is not possible to
state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or implied by this certificate.
The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended use of the instrument.

Measurement uncertainties are calculated in accordance with the methods described in the 1ISO "Guide to the Expression of Uncertainty In Measurement”
(GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% leve! of confidence. See Remarks or attached Measurement
Report with the same Work Order number for data.

Remarks:

Standards Used To Calibrate Equipment

Asset Manufacturer Model Description Cal. Due Date
001704 - TROEMNER 166 ~ WEIGHT CLASS 1 - 1211072015
001705 TROEMNER 2G WEIGHT CLASS 1 ' 7/2/2016
001706 RICE LAKE 2G WEIGHT CLASS 1 7/8/2016
001707 “TROEMNER 5G ~ WEIGHT CLASS 1 7/29/2016
001708 RICE LAKE 10G WEIGHT CLASS 1 ) 7/2/2016
001709 ~ TROEMNER 20G WEIGHT CLASS 1 8/5/2016
001710 TROEMNER 20G WEIGHT CLASS 1 8/5/2016
/// _ },.a"' /.;Z’__':'—{;"/’
% '/ [ it Calibrated By: RRV
Approved By Metrology Technician

[lnstltute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 521§ Page 1 of 2




Calibration Certificate

001711 TROEMNER 50G WEIGHT CLASS 1
001712 TROEMNER 100G WEIGHT CLASS 1
001713 RICE LAKE 200G WEIGHT CLASS 1

Approved By

010061

|ACCREDITED]

Calibration Laboratory
Certlficate # 3759.01
7/2/12016

7/29/2016
9/30/2016

Calibrated By: RRV
Metrology Technician

| Institute Callbration Laboratory, Bidg. 64, San Antonlo, TX 78227, ext. 5215

Page 2 of 2




Southwest Research Institute
Calibration Laboratory
Measurement Report

010062

Work Order: 403134943 Mfr: Mettler Technician: RRV
Asset No.: 020014 Model: XS205DU Type Data: Found-left
Serial No.: B338797310 |[Type: Balance Cal Date: 7-Oct-15
Remarks:
Function/Range Applied Tl Reading Difference + Limit Result % Limit
Corner Load grams grams grams grams
Reference 100
Left Front 100.0002 0.0002 0.0006 Pass 33%
Left Rear 100.0003 0.0003 Pass 50%
Right Rear 100.0001 0.0001 Pass 17%
Right Front 100.0002 0.0002 Pass 33%
Repeatability
< 81 g Range
1 80 80.00001
2 80.00002
3 80.00001
4 80.00002
5 80.00001
6 80.00002
7 80.00002
8 80.00002
9 80.00002
10 80.00002
Std Deviation 0.000005 0.00008 Pass 6%
< 220 g Range
1 200 200.0001
2 200.0000
3 200.0002
4 200.0001
5 200.0002
6 200.0001
7 200.0002
8 200.0002
9 200.0002
10 200.0002
Std Deviation 0.00007 0.00020 Pass 35%
Function/Range Applied Tl Reading Difference + Limit + Uncertainty Result % Limit
Direct Weighing grams grams milligrams milligrams milligrams
< 81 g Range 0.00000 0.00000 0.00 0.40 0.06 Pass 0%
8.00001 8.00002 0.01 Pass 3%
15.99996 15.99995 -0.01 Pass 3%
24.00005 24.00010 0.05 Pass 13%
32.00000 32.00006 0.06 Pass 15%
40.00002 40.00007 0.05 Pass 13%
48.00003 48.000086 0.03 Pass 8%

U:\CC30\CL\Data Sheets\Mass\Balances\Mettler XS205DU (200 g)_25 Sep 14

Page 1 of 2
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Southwest Research Institute
Calibration Laboratory
Measurement Report

Work Order: 403134943 Mfr: Mettler Technician: RRV
Asset No.: 020014 Model: XS205DU Type Data: Found-left
Serial No.: B338797310 |Type: Balance Cal Date: 7-Oct-15
Function/Range Applied Tl Reading Difference + Limit + Uncertainty Result % Limit
Direct Weighing (Cont) grams grams milligrams milligrams milligrams
< 81 g Range 55.99998 56.00006 0.08 0.40 0.06 Pass 20%
63.99999 64.00014 0.15 Pass 38%
72.00002 72.00018 0.16 Pass 40%
79.99998 80.00009 0.1 Pass 28%
Direct Weighing 0.0000 0.0000 0.0 04 0.18 Pass 0%
<220 g Range 20.0000 20.0001 0.1 Pass 25%
40.0000 40.0000 0.0 Pass 0%
60.0000 60.0001 0.1 Pass 25%
80.0000 80.0001 0.1 Pass 25%
100.0001 100.0000 -0.1 Pass 25%
120.0001 120.0001 0.0 Pass 0%
140.0001 140.0002 0.1 Pass 25%
160.0001 160.0002 0.1 Pass 25%
180.0001 180.0002 0.1 Pass 25%
199.9999 200.0002 0.3 Pass 75%
END OF REPORT

U:\CC30\CL\Data Sheets\Mass\Balances\Mettler XS205DU (200 g)_25 Sep 14 Page 2 of 2
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Southwest Research Institute
Calibration Certificate [ACCREDITED])

Calibration Laboratory
Certificate # 3759.01

Cost Center: 01 CHEMISTRY & CHEMICAL ENGINEERING Certificate Number: 39314
Asset Number: 014982 Calibrated: 9/25/2015
Description: BALANCE Calibration Due:  9/25/2016
Manufacturer: METTLER Data Type: FOUND/LEFT
Model Number: XP5003SDR Temp./RH: 73 °F / 48 %
Serial Number: 1129300727 Work Order # 403134658

Calibration Procedure: BALANCES & SCALES

This certificate documents traceability to the International System of Units (SI) through the National Institute of Standards and Technology (NIST) or
other national metrology institute. The laboratory quality system is compliant to ISO/IEC 17025 2005, ANSI/NCSL Z540-1-1994 and relevant
requirements of ISO 9001-2008. This certificate shall not be reproduced, except in full, without written approval of Southwest Research institute
Calibration Laboratory and shall not be used to claim product endorsement by SwRI® or any agency of the U.S. Government.

Results of this calibration refate only to the instrument described above at the time of calibration and does not imply any long term stability. Date due
for recalibration is determined by the customer and does not imply the instrument will remain within limits, as any number of factors may cause an out
of tolerance condition before this date.

Data type shall be interpreted as follows: Found-left - data recorded and no adjustment or repair was performed. As-left - data recorded after
adjustment or repair was performed. As-found data are reviewed and the customer notified when the as-found results are other than pass and/or
greater than 70 percent of the test limit. Pass? or Fail? indicate the measured value, plus or minus the expanded uncertainty, overlap the test limit and
it is not possible to state Pass or Fail with a 95% confidence level. No statement of compliance with manufacturer or other specification is made or
implied by this certificate. The customer has sole responsibility for determination of in/out-of-tolerance or compliance/noncompliance for the intended
use of the instrument.

Measurement uncertainties are calculated in accordance with the methods described in the ISO "Guide to the Expression of Uncertainty in
Measurement" (GUM) as an expanded uncertainty with a coverage factor of k = 2 to approximately a 95% level of confidence. See Remarks or attached
Measurement Report with the same Work Order number for data.

Remarks:

Standards Used To Calibrate Equipment

Asset Manufacturer Model Description Cal. Due Date
001712 TROEMNER 100G WEIGHT CLASS 1 7/29/2016
001713 RICE LAKE 200G WEIGHT CLASS 1 10/1/2015
001714 TROEMNER 200G WEIGHT CLASS 1 1/12/2016
001715 RICE LAKE 500 G WEIGHT CLASS S 7/8/2016
001716 RICE LAKE 1KG WEIGHT CLASS 1 4/7/2016
001717 RICE LAKE 2KG WEIGHT CLASS 1 4/7/2016
001718 RICE LAKE 2KG WEIGHT CLASS 1 4/7/2016
7
‘,_»:; -¢ B s r;:;;/__-- Calbrated By RRV

Approved By # Metrology Technician

|Tnstitute Calibration Laboratory, Bldg. 64, San Antonio, TX 78227, ext. 5215 Page 1 of 2
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Southwest Research Institute @
Calibration Certificate [ACCREDITED])

Calibration Laboratory

Certificate # 3759.01
001719 RICE LAKE 5 KG WEIGHT CLASS 1 4/7/2016
v %4
,_‘L"'; -€. AT _“/" L"rf/ Calibrated By: RRV
///‘7 Approved By # /.:f,"/ Metrology Technician

| Institute Calibration Laboratory, Bidg. 64, San Antonio, TX 78227, ext. 5215 Page 2 of 2
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Southwest Research Institute
Calibration Laboratory
Measurement Report

Work Order: 403134658 Mfr: Mettler Technician: RRV
Asset No.: 014982 Model: XP5003SDR Type Data: Found-left
Serial No.: 1129300727 |Type: Balance Cal Date: 25-Sep-15
Remarks:
Function/Range Applied Tl Reading Difference + Limit Result % Limit
Corner Load grams grams grams grams
Left Front 1000 1000.000 0000 0.010 Pass 0%
Left Rear 999.999 -0 001 Pass 10%
Right Rear 1000.000 0 000 Pass 0%
Right Front 1000.001 0 001 Pass 10%

Repeatability

1000 g Range

500 500.002
500.000
500.001
500.002
500.000
500.000
500.001
500.001
500.001
500.000

Std Deviation 0.0008 0.0020 Pass 40%

SOVO®NOGA WN

5100 g Range

2000 199.99
200.00
199.99
199.99
200.00
200.00
199.99
199.99
199.99
199.99

Std Deviation 0.005 0.012 Pass 42%

SOONOO S WN =

Function/Range Applied Tl Reading Difference + Limit + Uncertainty Result % Limit

Direct Weighing grams grams grams grams grams

1000 g Range 0.000 0.000 0.000 0.012 0.003 Pass 0%
100.000 100.001 0.001 Pass 8%
200.000 200.001 0.001 Pass 8%
300.000 300.001 0.001 Pass 8%
400.000 400.001 0.001 Pass 8%
500.000 500.002 0.002 Pass 17%
600.000 600.003 0.003 Pass 25%
700.000 700.002 0.002 Pass 17%

U\CC30MCL\Data Sheets\Mass\Balances\Mettler XP5003SDR (5 kg)_25 Sep 14 Page 1 of 2




010067

Southwest Research Institute
Calibration Laboratory
Measurement Report

Work Order: 403134658 Mfr: Mettler Technician: RRV
Asset No.: 014982 Model: XP5003SDR Type Data: Found-left
Serial No.: 1129300727 |[Type: Balance Cal Date: 25-Sep-15
Function/Range Applied TIReading  Difference  Limit + Uncertainty Result % Limit
Direct Weighing (Cont) grams grams grams grams grams
1000 g Range 800.000 800.002 0.002 0.012 0.003 Pass 17%
900.000 900.001 0.001 Pass 8%
1000.000 1000.000 0.000 Pass 0%
5100 g Range 0.000 0.000 0.000 0.012 0.003 Pass 0%
500.000 500.001 0.001 Pass 8%
1000.000 999.999 -0.001 Pass 8%
1500.00 1500.00 0.00 0.02 0.01 Pass 0%
2000.00 2000.00 0.00 Pass 0%
2500.00 2500.00 0.00 Pass 0%
3000.00 3000.00 0.00 Pass 0%
3500.00 3500.00 0.00 Pass 0%
4000.00 4000.00 0.00 Pass 0%
4500.00 4500.00 0.00 Pass 0%
5000.00 5000.00 0.00 Pass 0%

END OF REPORT

U\CC30\CL\Data Sheets\Mass\Balances\Mettler XP5003SDR (5 kg)_25 Sep 14 Page 2 of 2
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SOUTHWEST RESEARCH INSTITUTE
CLIENT: Los Alamos National Laboratory
SwRI PROJECT#: 21592.01.00X

SwRI TASK ORDER: 160627-5

SwRI SRR: 57871

SDG: 599959

VTSR: 06.24.2016

Certificates of Analysis
for Chemicals



Certificate of Analysis

1 Reagent Lane
Fair Lawn, NJ 07410
201.796.7100 tel
201.796.1329 fax

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, inctuding the implied warranties of merchantability
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing.

Certificate of Analysis

Fisher Scientific’s Quality System has been found to conform to Quality Management System
Standard 1S09001;2008 standard by SAl Global Certificate Number CERT - 0064970

TS T—T

e e PR

010069

Page 1 of 1

T T DT

Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA., The following are the actual analytical results obtained:

Catalog Number |A586

Quality Test / Release Date 3/10/2015

Lot Number 151052

Rrchem ID: 69597

Description

ALUMINUM NITRATE, A.C.S.

Country of Origin |India

| * Suggested Retest Date

| Mar-2020

Result name
APPEARANCE

Specifications
REPORT

Test Value
COLOLRESS CRYSTALS

ASSAY % Inclusive Between 98.0 - 102.0 99.2 )
CALCIUM (Ca) % <=0.005 0.0010 t’g
CHLORIDE % <=0.001 <0.0010 -
HEAVY METALS (as Pb) % <= 0.001 <0.0010 ﬁ
IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST E
INSOLUBLE MATTER % <=0.005 <0.005 %
IRON (Fe) % <=0.002 <0.0020

MAGNESIUM (Mg) % <=0.001 0.0010 i
PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0

POTASSIUM (K) % <= 0.002 0.0020

SODIUM (Na) % <= 0.005 0.0020

SULFATE (S04) % <= 0.005 <0.005

? CIRTIFED BY l

Cly & Al

Lab Manager Fair Lawn

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701.
*Based on suggested storage condition.

SwRI Chem ID: 69597
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Certificate of Analysis Page 1 of 1
[ ]
Fisher
[ ] [ Y 13
Scientific . ]
Certificate of Analysis

1 Reagent Lane JE . A
Fair Lawn, NJ 07410 il S
201.796.7100 tel Fisher Scientific's Quality System has been found to conform to Quality Management System
201.796.1329 fax Standard 1SO9001:2008 standard by SAl Global Certificate Number CERT - 0064970

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing.
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained:

Catalog Number |[A586 Quality Test / Release Date 3/10/2015
Lot Number 151052

Description |JALUMINUM NITRATE, A.C.S.
Country of Origin Ilndia | * Suggested Retest Date l Mar-2020

Rithem {D: 69596

Result name Specifications Test Value

APPEARANCE REPORT COLOLRESS CRYSTALS
ASSAY % Inclusive Between 98.0 - 102.0 99.2 3
CALCIUM (Ca) % <=0.005 0.0010 :'-’J,
CHLORIDE % <=0.001 <0.0010 ;
HEAVY METALS (as Pb) % <= 0.001 <0.0010 E
IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST 5
INSOLUBLE MATTER % <=0.005 <0.005 T
IRON (Fe) % <=0.002 <0.0020

MAGNESIUM (Mg) % <=0.001 0.0010 ]
PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0

POTASSIUM (K) % <=0.002 0.0020

SODIUM (Na) % <=0.005 0.0020

SULFATE (SO4) % <= 0.005 <0.005

Gy £ A

CORTIFED BY ‘
Lab Manager Fair Lawn

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701.
*Based on suggested storage condition.

SwR! Chem ID: 68596
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Certificate of Analysis Page 1 of 1
[ 3
Fisher_
[ 3 [ 3
Scientific . _
Certificate of Analysis

1 Reagent Lane S S
Fair Lawn, NJ 07410 i i it e "
201.796.7100 tel Fisher Scientific's Quality Systemn has been found to conform to Quality Management System
201.796.1329 fax Standard 1S09001:2008 standard by SA| Global Certificate Number CERT - 0064970

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing.
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained:

Catalog Number JA586 Quality Test/ Release Date 3/10/2015
Lot Number 151052

Description JALUMINUM NITRATE, A.C.S.
Country of Origin |India | * Suggested Retest Date | Mar-2020

SR enem ID: 69595

Result name Specifications Test Value

APPEARANCE REPORT COLOLRESS CRYSTALS
ASSAY % Inclusive Between 98.0 - 102.0 99.2 y
CALCIUM (Ca) % <= 0.005 0.0010 R
CHLORIDE % <=0.001 <0.0010 ﬁ#
HEAVY METALS (as Pb) % <=0.001 <0.0010 =
IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST E
INSOLUBLE MATTER % <= 0.005 <0.005 o
IRON (Fe) % <=0.002 <0.0020 !E
MAGNESIUM (Mg) % <=0.001 0.0010 ’
PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0

POTASSIUM (K) % <=0.002 0.0020

SODIUM (Na) % <= 0.005 0.0020

SULFATE (SO4) % <=0.005 <0.005

° e i

H Lab Manager Fair Lawn
A, E el e : *‘é

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701.
*Based on suggested storage condition.

SwRI Chem ID: 69595
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Certificate of Analysis Page 1 of 1
[ 3
Fisher
[ ] - -
Scientific . ]
Certificate of Analysis

1 Reagent Lane O VU

Fair Lawn, NJ 07410 B ————

201.796.7100 tel Fisher Scientific's Quality System has been found to conform to Quality Management System <

201.796.1329 fax Standard 1SO9001:2008 standard by SA! Global Certificate Number CERT - 0064970 &
0
D

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been ©

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability A

and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. =

Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: =
[}

Catalog Number |A586 IQuaIity Test/ Release Date 3/10/2015 D

Lot Number 151052 | 4

Description |ALUMINUM NITRATE, A.C.S.

Country of Origin |India l * Suggested Retest Date | Mar-2020

Result name Specifications Test Value

APPEARANCE REPORT COLOLRESS CRYSTALS
ASSAY % Inclusive Between 98.0 - 102.0  [99.2 ¥
CALCIUM (Ca) % <= 0.005 0.0010 b
CHLORIDE % <= 0.001 <0.0010

HEAVY METALS (as Pb) % <= 0.001 <0.0010

IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST

INSOLUBLE MATTER % <= 0.005 <0.005 E
IRON (Fe) % <=0.002 <0.0020

MAGNESIUM (Mg) % <=0.001 0.0010 i
PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0

POTASSIUM (K) % <= 0.002 0.0020

SODIUM (Na) % <= 0.005 0.0020

SULFATE (S04) % <=0.005 <0.005

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above, If there are any questions with this certificate, please call Chemical Services at (800) 227-6701.
*Based on suggested storage condition.

SwRI Chem ID: 69594
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Certificate of Analysis Page 1 of 1
Fisher
-
Scientific . i
Certificate of Analysis

1 Reagent Lane A
Fair Lawn, NJ 07410 e ——— —————————
201.796.7100 tel Fisher Scientific’s Quality System has been found to conform to Quality Management System
201.796.1329 fax Standard 1S09001:2008 standard by SA! Global Certificate Number CERT - 0064970

This is to certify that units of the Jot number below were tested and found to comply with the specifications of the grade listed. Certain data have been

69593

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability )

and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing.

Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytica! results obtained:

Catalog Number |A586 Quality Test / Release Date 3/10/2015

chem |

Lot Number 1510562

Description JALUMINUM NITRATE, A.C.S.

Country of Origin |India l * Suggested Retest Date | Mar-2020

.Result name Specifications Test Value

APPEARANCE REPORT COLOLRESS CRYSTALS
ASSAY % Inclusive Between 98.0 - 102.0 99.2 B
CALCIUM (Ca) % <=0.005 0.0010 r_;’
CHLORIDE % <=0.001 <0.0010 ;
HEAVY METALS (as Pb) % <=0.001 <0.0010 ‘E
IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST E
INSOLUBLE MATTER % <= 0.005 <0.005 £
IRON (Fe) % <=0.002 <0.0020 3
MAGNESIUM (Mg) % <= 0.001 0.0010 T
PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0

POTASSIUM (K) % <=0.002 0.0020

SODIUM (Na) % <=0.005 0.0020

SULFATE (S04) % <=0.005 <0.005

Cly £ Al

? CIRTINED BY l
a\ Lab Manager Fair Lawn

Nl e AR e g

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701.
*Based on suggested storage condition.

SwRI! Chem |ID:; 69593
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Certificate of Analysis Page 1 of 1
-
Fisher
[ 3 [ ] [ 3
Scientific . ]
Certificate of Analysis

1 Reagent Lane e e i e
Fair Lawn, NJ 07410 R W R R o e
201.796.7100 tel Fisher Scientific's Quality System has been found to conform to Quality Management System
201.796.1329 fax Standard 1SO8001:2008 standard by SAl Global Certificate Number CERT - 0064970

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing.
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained:

D: 69592

onem |

Catalog Number |A586 Quality Test/ Release Date 3/10/2015
Lot Number 1510562

Description |ALUMINUM NITRATE, A.C.S.
Country of Origin |India | * Suggested Retest Date | Mar-2020

Result name Specifications Test Value

APPEARANCE REPORT COLOLRESS CRYSTALS
ASSAY % Inclusive Between 98.0 - 102.0 99.2 B
CALCIUM (Ca) % <=0.005 0.0010 ‘ g’
CHLORIDE % <=0.001 <0.0010 :
HEAVY METALS (as Pb) % <=0.001 <0.0010 =
IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST F
INSOLUBLE MATTER % <=0.005 <0.005 i o
IRON (Fe) % <=0.002 <0.0020

MAGNESIUM (Mg) % <= 0.001 0.0010 T
PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0

POTASSIUM (K) % <=0.002 0.0020

SODIUM (Na) % <=0.005 0.0020

SULFATE (S0O4) % <=0.005 <0.005

Lab Manager Fair Lawn

o l Gl E A

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701.
*Based on suggested storage condition.

SwRI Chem ID: 69592
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Certificate of Analysis Page 1 of 1
-
Fisher
- [ 3 [ 3
Scientific . ]
Certificate of Analysis

1 Reagent Lane —————— T

Fair Lawn, NJ 07410

201.796.7100 tel Fisher Scientific's Quality System has been found to conform to Quality Management System
™

201.796.1329 fax Standard 1SO9001:2008 standard by SA! Global Certificate Number CERT - 0064970 ~
9]
o))

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been ©

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability o

and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. —

Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: e
[7]

Catalog Number |A586 Quality Test/ Release Date 3/25/2015 D

Lot Number 151702 Y.

Description JALUMINUM NITRATE, A.C.S.
Country of Origin |India l * Suggested Retest Date | Mar-2020

Result name U Specifications Test Value

APPEARANCE REPORT Colorless crystals

ASSAY % Inclusive Between 98.0 - 102.0 99.2 r
CALCIUM (Ca) % <=0.005 0.0010 ii)i
CHLORIDE % <=0.001 <0.0010 ;
HEAVY METALS (as Pb) % <=0.001 <0.0010 =
IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST

INSOLUBLE MATTER % <=0.005 0.002 g
IRON (Fe) % <= 0.002 <0.0020

MAGNESIUM (Mg) % <=0.001 <0.0010 ]
PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0

POTASSIUM (K) % <=0.002 0.0015

SODIUM (Na) % <= (.005 0.0024

SULFATE (SO4) % <=0.005 <0.005

? CIRTIFED BY ‘
: Lab Manager Fair Lawn

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701.
*Based on suggested storage condition.

SwRI Chem {D: 69573
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1 Reagent Lane
Fair Lawn, NJ 07410

201.796.7100 tel Fisher Scientific's Quality System has been found to conform to Quality Management System
201.796.1329 fax Standard 1ISO9001:2008 standard by SAI Global Certificate Number CERT - 0064970

Certificate of Analysis

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medica!l device manufacturing.
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained:

Them ID: 69574

Catalog Number |JA586 Quality Test/ Release Date 3/10/2015
Lot Number 151052

Description |ALUMINUM NITRATE, A.C.S.
Country of Origin llndia | * Suggested Retest Date | Mar-2020

Result name Specifications Test Value

APPEARANCE REPORT COLOLRESS CRYSTALS
ASSAY % Inclusive Between 98.0 - 102.0 _ |99.2
CALCIUM (Ca) % <= 0.005 0.0010 b
CHLORIDE % <= 0.001 <0.0010 :
HEAVY METALS (as Pb) % <= 0.001 <0.0010 :
IDENTIFICATION PASSIFAIL = PASS TEST PASS TEST g
INSOLUBLE MATTER % <= 0.005 <0.005 i
IRON (Fe) % <= 0.002 <0.0020 E
MAGNESIUM (Mg) % <= 0.001 0.0010 ?
PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0

POTASSIUM (K) % <= 0.002 0.0020

SODIUM (Na) % <= 0.005 0.0020

SULFATE (S04) % <= 0.005 <0.005

9 CIRTIFIED BY t
_ Lab Manager Fair Lawn

Ny

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701.
*Based on suggested storage condition.

SwRI Chem ID; 69574
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Certificate of Analysis
1 Reagent Lane . A
Fair Lawn, NJ 07410 S ]
201.796.7100 tel Fisher Scientific's Quality System has been found to conform to Quality Management System

201.796.1329 fax Standard 1S09001:2008 standard by SAl Global Certificate Number CERT - 0064970 E
This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been g
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability )
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. —
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF’s with the FDA. The following are the actual analytical results obtained: g

Catalog Number |A586 Quality Test/ Release Date 3/10/2015 D

Lot Number 151052 Y

Description JALUMINUM NITRATE, A.C.S.

Country of Origin Ilndia | * Suggested Retest Date | Mar-2020
APPEARANCE REPORT COLOLRESS CRYSTALS
ASSAY % Inclusive Between 98.0 - 102.0 99.2 ;
CALCIUM (Ca) % <= 0.005 0.0010 3
CHLORIDE % <=0.001 <0.0010 .
HEAVY METALS (as Pb) % <=0.001 <0.0010 =
IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST r
INSOLUBLE MATTER % <=0.005 <0.005 f
IRON (Fe) % <=0.002 <0.0020 E
MAGNESIUM (Mg) % <=0.001 0.0010
PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5-3.5 3.0
POTASSIUM (K) % <=0.002 0.0020
SODIUM (Na) % <=0.005 0.0020
SULFATE (SO4) % <= 0.005 <0.005

_ ? CIRTIFED BY
s 3

‘ Ghlgon E A

Lab Manager Fair Lawn

SN I e SO 5

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701.
*Based on suggested storage condition.

SwRI| Chem ID: 69575
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Fisher Scientific's Quality System has been found to conform to Quality Management System

201.796.1329 fax Standard 1SO8001:2008 standard by SA! Global Certificate Number CERT - 0064970 g
This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been %
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability o)
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. —
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: uE.)
Catalog Number |A586 JQuality Test / Release Date 3/10/2015 D
Lot Number 151052 | 4
Description |JALUMINUM NITRATE, A.C.S. &
Country of Origin IIndia | * Suggested Retest Date | Mar-2020
APPEARANCE REPORT COLOLRESS CRYSTALS
ASSAY % Inclusive Between 98.0 - 102.0 99.2 F
CALCIUM (Ca) % <= 0.005 0.0010 b
CHLORIDE % <= 0.001 <0.0010 :
HEAVY METALS (as Pb) % <=0.001 <0.0010 -
IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST =
INSOLUBLE MATTER % <=0.005 <0.005 T
IRON (Fe) % <= 0.002 <0.0020 f
MAGNESIUM (Mg) % <= 0.001 0.0010 :
PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0
POTASSIUM (K) % <=0.002 0.0020
SODIUM (Na) % <=0.005 0.0020
SULFATE (S04) % <=0.005 <0.005

? CIRTIAED BY

: S R TN LA
el =t s So iy Rt RS - RS

’ é‘%’"’”g'q‘{““'

Lab Manager Fair Lawn

4

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701.
*Based on suggested storage condition.

SwRI Chem ID: 69576
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201.796.7100 tel Fisher Scientific's Quality System has been found to conform to Quality Management System
201.796.1329 fax Standard 1SO9001:2008 standard by SAl Global Certificate Number CERT - 0064970

69577

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability A
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing.
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained:

Them |

Catalog Number |A586 Quality Test/ Release Date 3/10/2015
Lot Number 151052

Description JALUMINUM NITRATE, A.C.S.
Country of Origin |India | * Suggested Retest Date | Mar-2020

RETGED Specifications Test Value

APPEARANCE REPORT COLOLRESS CRYSTALS
ASSAY % Inclusive Between 98.0 - 102.0 99.2 E
CALCIUM (Ca) % <=0.005 0.0010 ji
CHLORIDE % <=0.001 <0.0010 ‘k
HEAVY METALS (as Pb) % <= 0.001 <0.0010 |2
IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST =
INSOLUBLE MATTER % <=0.005 <0.005 o
IRON (Fe) % <=0.002 <0.0020

MAGNESIUM (Mg) % <=0.001 0.0010

PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0

POTASSIUM (K) % <=0.002 0.0020

SODIUM (Na) % <= 0.005 0.0020

SULFATE (S04) % <=0.005 <0.005

C ol E Al

CIRTIFIED BY ‘
Lab Manager Fair Lawn

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701.
*Based on suggested storage condition.

SwRI! Chem |ID: 69577



010080

Certificate of Analysis Page 1 of 1
-
Fisher
[ 3 [ 3 [ 1
Scientific . .
Certificate of Analysis

1 Reagent Lane . A

Fair Lawn, NJ 07410 S e

201.796.7100 tel Fisher Scientific's Quality System has been found to conform to Quality Management System ©

201.796.1329 fax Standard 1S0O9001:2008 standard by SA! Global Certificate Number CERT - 006497 ~
Yol
)]

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been ©

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability 0

and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. —

Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: =
[7]

Catalog Number |A586 Quality Test / Release Date 3/10/2015 B

Lot Number 151052

Description |ALUMINUM NITRATE, A.C.S. &

Country of Origin |India | * Suggested Retest Date | Mar-2020

Result name i Specifications Test Value

APPEARANCE REPORT COLOLRESS CRYSTALS
ASSAY % Inclusive Between 98.0 - 102.0 99.2

CALCIUM (Ca) % <= 0.005 0.0010 ﬁ
CHLORIDE % <=0.001 <0.0010 '
HEAVY METALS (as Pb) % <=0.001 <0.0010 !E
IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST E
INSOLUBLE MATTER % <=0.005 <0.005 E
IRON (Fe) % <=0.002 <0.0020 3
MAGNESIUM (Mg) % <=0.001 0.0010 :
PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5-3.5 3.0

POTASSIUM (K) % <= 0.002 0.0020

SODIUM (Na) % <=0.005 0.0020

SULFATE (S0O4) % <=0.005 <0.005

? CIRTIFIED BY ‘
- Lab Manager Fair Lawn

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701.
‘Based on suggested storage condition.

SwRI Chem ID. 69578
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201.796.7100 tel Fisher Scientific's Quality System has been found to conform to Quality Management System
201.796.1329 fax Standard 1S09001:2008 standard by SAl Global Certificate Number CERT - 0064970

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing.
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained:

Catalog Number |[A586 Quality Test/ Release Date 3/10/2015
Lot Number 151052

Description JALUMINUM NITRATE, A.C.S.
Country of Origin |India | * Suggested Retest Date | Mar-2020

Rrchem ID: 69579

Result name Specifications Test Value

APPEARANCE REPORT COLOLRESS CRYSTALS
ASSAY % Inclusive Between 98.0- 1020  [99.2 P
CALCIUM (Ca) % <=0.005 0.0010 é
CHLORIDE % <= 0.001 <0.0010 :
HEAVY METALS (as Pb) % <=0.001 <0.0010 -
IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST F
INSOLUBLE MATTER % <= 0.005 <0.005 f
IRON (Fe) % <=0.002 <0.0020 E
MAGNESIUM (Mg) % <= 0.001 0.0010 T
PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0

POTASSIUM (K) Y% <=0.002 0.0020

SODIUM (Na) % <=0.005 0.0020

SULFATE (S04) % <=0.005 <0.005

? CIRTIFIED BY \
_ Lab Manager Fair Lawn

(TR e AT T e

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701.
*Based on suggested storage condition.

SwRI Chem ID: 69579
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e e

Fisher Scientific's Quality System has been found to conform to Quality Management System

Standard 1S09001:2008 standard by SAI Global Certificate Number CERT - 0064970 é
This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been %
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability )
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. —
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: qE)
Catalog Number |A586 Quality Test/ Release Date 3/10/2015 D
Lot Number 1561052
Description |ALUMINUM NITRATE, A.C.S.
Country of Origin Ilndia | * Suggested Retest Date | Mar-2020
e d g DE d 0 : d e
APPEARANCE REPORT COLOLRESS CRYSTALS
ASSAY % Inclusive Between 98.0 - 102.0 99.2 b
CALCIUM (Ca) % <= 0.005 0.0010 b
CHLORIDE % <=0.001 <0.0010 :
HEAVY METALS (as Pb) % <= 0.001 <0.0010 =
IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST E
INSOLUBLE MATTER % <=0.005 <0.005 T
IRON (Fe) % <=0.002 <0.0020 EE
MAGNESIUM (Mg) % <= 0.001 0.0010 i
PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0
POTASSIUM (K) % <=0.002 0.0020
SODIUM (Na) % <=0.005 0.0020
SULFATE (SO4) % <=0.005 <0.005

CIRTIFIED BY ‘

Cly & Al

Lab Manager Fair Lawn

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above. If there are any questions with this certificate, please caill Chemical Services at (800) 227-6701.

*Based on suggested storage condition.

SwRI Chem ID: 69591
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1 Reagent Lane
Fair Lawn, NJ 07410

Certificate of Analysis

201.796.7100 tel Fisher Scientific's Quality System has been found to conform to Quality Management System o
201.796.1329 fax Standard 1SO9001:2008 standard by SAI Global Certificate Number CERT - 0064970 o
This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been %
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability )
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. —
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: qE)
ICatang Number |A586 Quality Test / Release Date 3/10/2015 D
|Lot Number 1610562 K
Description |ALUMINUM NITRATE, A.C.S. &
Country of Origin |India | * Suggested Retest Date | Mar-2020
Re 3 e pe atio e a g
APPEARANCE REPORT COLOLRESS CRYSTALS
ASSAY % Inclusive Between 98.0 - 102.0 99.2 H
CALCIUM (Ca) % <= 0.005 0.0010 b
CHLORIDE % <= 0.001 <0.0010 :
HEAVY METALS (as Pb) % <= 0.001 <0.0010 5
IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST E
INSOLUBLE MATTER % <=0.005 <0.005 P
IRON (Fe) % <=0.002 <0.0020 %
MAGNESIUM (Mg) % <= 0.001 0.0010
PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 -3.5 3.0
POTASSIUM (K) % <=0.002 0.0020
SODIUM (Na) % <=0.005 0.0020
SULFATE (S0O4) % <=0.005 <0.005

@ l é,%ms,qiw

. Lab Manager Fair Lawn

LRt § Sh e

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701.
*Based on suggested storage condition.

SwRI Chem ID: 69590
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201.796.7100 tel Fisher Scientific's Quality System has been found to conform to Quality Management System
201.796.1329 fax Standard 1SO9001:2008 standard by SA! Global Certificate Number CERT - 0064970

69589

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability )
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing.
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained:

Catalog Number JA586 Quality Test/ Release Date 3/10/2015
Lot Number 151052

Description JALUMINUM NITRATE, A.C.S.
Country of Origin |India | * Suggested Retest Date | Mar-2020

Rrenem |

Result name Specifications Test Value

APPEARANCE REPORT COLOLRESS CRYSTALS
ASSAY % Inclusive Between 98.0 - 102.0 99.2 b X
CALCIUM (Ca) % <=0.005 0.0010 72’
CHLORIDE % <=0.001 <0.0010 :
HEAVY METALS (as Pb) % <=0.001 <0.0010 3
IDENTIFICATION . PASS/FAIL = PASS TEST PASS TEST E
INSOLUBLE MATTER % <= 0.005 <0.005 T
IRON (Fe) % <= 0.002 <0.0020 E
MAGNESIUM (Mg) % <=0.001 0.0010 1
PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0

POTASSIUM (K) % <=0.002 0.0020

SODIUM (Na) % <=0.005 0.0020

SULFATE (S0O4) % <= 0.005 <0.005

? CIRTIFIED BY ‘ S o7

Lab Manager Fair Lawn

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701.
*Based on suggested storage condition.

SwRI Chem ID: 69589
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201.796.7100 tel Fisher Scientific's Quality System has been found to conform to Quality Management System 0

201.796.1329 fax Standard 1S09001:2008 standard by SAl Global Certificate Number CERT - 0064970 0
n
[©)]

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been ©

supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability

and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. —

Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: =
[

Catalog Number [A586 |Quality Test/ Release Date 3/10/2015 D

Lot Number 151052 |

Description |ALUMINUM NITRATE, A.C.S. P

Country of Origin |India [ * Suggested Retest Date l Mar-2020

Result name Specifications Test Value

APPEARANCE REPORT COLOLRESS CRYSTALS
ASSAY % Inclusive Between 98.0 - 102.0 99.2 B
CALCIUM (Ca) % <=0.005 0.0010 b
CHLORIDE % <= 0.001 <0.0010 ;
HEAVY METALS (as Pb) % <=0.001 <0.0010 %
IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST E
INSOLUBLE MATTER % <=0.005 <0.005 E
IRON (Fe) % <= 0.002 <0.0020

MAGNESIUM (Mg) % <=0.001 0.0010 ’
PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0

POTASSIUM (K) % <=0.002 0.0020

SODIUM (Na) % <=0.005 0.0020

SULFATE (SO4) % <= (0.005 <0.005

? CRTIFIED BY ‘
H Lab Manager Fair Lawn

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701.
*Based on suggested storage condition.

SwRI! Chem ID. 63588
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201.796.7100 tel Fisher Scientific's Quality System has been found to conform to Quality Management System
201.796.1329 fax Standard 1SO9001:2008 standard by SAl Global Certificate Number CERT - 0064970

Certificate of Analysis

This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing.
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained:

Catalog Number JA586 Quality Test / Release Date 3/10/2015
Lot Number 161052

Description |ALUMINUM NITRATE, A.C.S.
Country of Origin Ilndia | * Suggested Retest Date | Mar-2020

ienem ID: 69587

Result name Specifications Test Value

APPEARANCE REPORT COLOLRESS CRYSTALS
ASSAY % Inclusive Between 98.0 - 102.0 99.2 b
CALCIUM (Ca) % <=0.005 0.0010 b
CHLORIDE % <=0.001 <0.0010 :
HEAVY METALS (as Pb) % <= 0.001 <0.0010 =
IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST £
INSOLUBLE MATTER % <=0.005 <0.005 T
IRON (Fe) % <=0.002 <0.0020 E
MAGNESIUM (Mg) %o <=0.001 0.0010 ’
PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0

POTASSIUM (K) % <=0.002 0.0020

SODIUM (Na) % <= 0.005 0.0020

SULFATE (SO4) % <=0.005 <0.005

o Ty A

Lab Manager Fair Lawn

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701.
*Based on suggested storage condition.

SwRI Chem ID; 69587
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201.796.7100 tel Fisher Scientific's Quality System has been found to conform to Quality Management System ©
201.796.1329 fax Standard 1S09001:2008 standard by SAl Global Certificate Number CERT - 0064970 &%
This is to certify that units of the lot number below were tested and found to comply with the specifications of the grade listed. Certain data have been %
supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties of merchantability )
and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical device manufacturing. —
Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual analytical results obtained: g
Catalog Number JA586 |Quality Test/ Release Date 3/10/2015 D
Lot Number 151052 | .
Description JALUMINUM NITRATE, A.C.S.
Country of Origin Ilndia | * Suggested Retest Date | Mar-2020
Re ame e atio o alue
APPEARANCE REPORT COLOLRESS CRYSTALS
ASSAY % Inclusive Between 98.0 - 102.0 99.2 b
CALCIUM (Ca) % <= 0.005 0.0010 é
CHLORIDE % <=0.001 <0.0010 N
HEAVY METALS (as Pb) % <= 0.001 <0.0010 E
IDENTIFICATION PASS/FAIL = PASS TEST PASS TEST
INSOLUBLE MATTER % <=0.005 <0.005 %
IRON (Fe) % <=0.002 <0.0020
MAGNESIUM (Mg) % <=0.001 0.0010
PH 5% SOLUTION @ 25 DEG C Inclusive Between 2.5 - 3.5 3.0
POTASSIUM (K) % <= (.002 0.0020
SODIUM (Na) % <=0.005 0.0020
SULFATE (S04) % <= 0.005 <0.005

T A
©

Lab Manager Fair Lawn
SRk s i SR b j

Note: The data listed is valid for all package sizes of this lot of this product, expressed as a extension of this catalog number listed
above. If there are any questions with this certificate, please call Chemical Services at (800) 227-6701.
*Based on suggested storage condition.

SwRI Chem ID: 69586
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Moiecuiar weight 236.15
Molecular formula CaN206.4H20
CAS No 13477-34-4
Linear formuia Ca(NO3)2.4H20
Fiash point (°C)

Certificate of Analysis

This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties,
expressed or implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further processing. The
following are the actual analytical results obtained:

Catalog Number 42353 [Quality Test ! Release Date | 27 January 2016]
Lot Number |A0369187 |Suggested Retest Date [ January 2021|
|Description “Calcium nitrate tetrahydrate,99+%,ACS reagent '
|Country of Origin |UNlTED STATES OF AMERICA

|Dec|aration of Origir} |synthetic

-

[origin Comment ] ]

[ResultName . |[Specifications_____  [TestVame
|Appearance (Colo) __|[white it
;[Appearance (Form) ICrystaIs - [Crystals

|| Titration 99.0 to 103.0 % 100.6 %

Complexometric _

I|Heavy metals (as Pb)  |=<5 ppm '|=<5 ppm ]
H  |soto7o(%atasc)  [59G%at2s0) |
[insoluble matter _ |=<0005% ______ [-<0005% _
lChioride©)  [=<Soppm _ [=<0ppm =
[Suifate (SO4) [|=<20 ppm - |1 ppm

[Barium ®a)  |=<50ppm_ [=<6 ppm

|Iron (Fe) |=<5 ppm - - _|=<5 ppm

|Nitrite (NO2) o I=<1(_) ppm o _ Ippm (none detected) _ ]
|Magnesium (Mg) i|=<500 ppm _ |9 ppm ]
[Potassium (K) ) }[=<50 ppm _ ]20 ppm ]
| Sodium (Na) ||=<100 ppm |4 ppm |
iIStrontium (Sr) |=<500 ppm 12 ppm l
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SwRI Chem ID: 69608



(IRTIRED BY

L. Van den Broek, QA Manager Issued: 25 April 2016

. Acros Organics

ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium
Tel +32 14/57.52.11 - Fax +32 14/59.34.34 ntemet: http://www.acros.com
1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329

010089

SwRI Chem |D: 69608 SwRI Chem ID: 69608

SwRI Chem {D: 69608



Certificate of Analysis

Version
Moiecuiar weight
Moiecular formula
CAS No

Linear formuia
Fiash point {°C)

236.15
CaN206.4H20
13477-34-4
Ca(N03)2.4H20

This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties,
expressed or implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further processing. The
following are the actual analytical results obtained:

|9§talog Number

|42353

Quality Test / Release Date j|

27 January 2016

|_Lot Number

'|a0369187

Suggested Retest Date II

January 2021

|Description

”Calcium nitrate tetrahydrate,99+%,ACS reagent

|Country of Origin

I UNITED STATES OF AMERICA

|Declaration of Origin ] synthetic

[origin Comment ]

\Result Name. .~ {Specifications ' 1TestVale . '
lAppearance (CEJI(_)'[)~ o -|White :[White

IAppearance (Fg_m) _ __lCrystals j[Crysta_ls

Titration 199.0t0 103.0 % 1100.6 %

Complexometric :

I_Heavy metals (as Pb)  ||=<5 ppm :|=<5 ppm

lH

50107.0(5 % at 25°C)

|59 watasc)

[Insoluble matter _ |=<0.005 % _ ra _ l000s% ]
[Chlor_ide e =<50 ppm o |=<50_ ppm
ISquate (SO4) I =<20 ppm A|1 ppm B |
[Barium (B2) l=<soppm  [=<5pem ]
[Iron (Fe) |=<5 pom _ =<5 ppm B
INitrige (NO2) _ {=<10 ppm ppm (none detected) |
IMagnesium (Mg) u=<500 ppm ) 9 ppm ]
|Potassium (K) [=<50 ppm |_20 ppm ]
Sodium (Na) |=<100 ppm |4 ppm ]
Strontium (Sr) |=<500 ppm l2 ppm

010090

SwRI Chem ID?

SwRI Chem ID: 69607

SwRI Chem ID: 69607
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(IRTIAED BY

L. Van den Broek, QA Manager Issued: 25 April 2016

3’ Acros Organics
\ e ENAZ23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium

4 Tel +32 14/57.52.11 - Fax +32 14/59.34.34 intemet: hitp://www.acros.com
1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329

SwRI! Chem ID: 69607 SwRI Chem ID: 68607

SwRI Chem (D: 69607



Certificate of Analysis

Version
Molecular welght
Molecuiar formuia
CAS No

Linear formuia
Flash polint {°C)

400.14
CrN309.9H20
7789-02-8
CrNO3)3.9H20

This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties,
expressed or implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further processing. The
following are the actual analytical results obtained:

|catalog Number  {[21920 |Quality Test / Release Date || 8 May 2015
|Lot Number |\A0359678 |Suggested Retest Date || May 2020|
lDescription Chromium(lll) nitrate nonahydrate,99%

ICountry of Origin INDIA

IDecIaration of Origin ||synthetic

[origin comment | |
[ResultName _ | [Specifications | .~ = - | TestValue

IAppearqp_gg {Color)

|Dark purple to black

B _§|Dark purp!e

:|Appear§ch (Form)

[Crystalline chunks

‘ Crystalline chunks

,ITitratior]_glp.domemc

>=98.5 %

i[102.3 %

H [zo3E%hagson)  [21%ag soin)

Caicum(Ca)  [=<S0ppm [tepm
|CadmiumCd)  ||=<toppm (8ppm _ |
|Cobalt Co)  [=<t0ppm [2ppm _ ]

Copper (Cu) [=<_10 ppm %[2.3 ppm

Iron (Fe) |[=<200 ppm 1158 ppm
[Magnesium Mg) _ [=<50ppm _ _[12ppm |
[Manganese ) |=<topom _  __ [1eem !
|Sodiu[n (Na) _'_“_J'[=_<50 ppm B _ |12 ppm -
|Nicke! (Ni) _||=<50 ppm 118 ppm
lLeadPb) [=<20 ppm |4 pom
|Strontium () [|=<50 ppm 6.2 ppm |
‘Zinc (Zn) A__mi|=<10 ppm [4.5 ppm

Chlonfidg (Cl) ) =<20 ppm o . =<20ppm

Sulfate (SO4) =<50 ppm B o __:=<50 ppm 3 o
|Ammonium (Nt-_if‘!)__mm_“ [—<10 ppm_ 1=<10 ppm
Subst not pptd by 1=<0.2 % (as SO4) 0.085 % (as 804)

NH40H
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SwRI Chem ID: 66141



CIRTIFAED BY

L. Van den Broek, QA Manager Issued: 14 January 2016

Acros Organics

| ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium
i Tei +32 14/57.52.11 - Fax +32 14/59.34.34 Intemet: http://www.acros com

1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329

010093

SwRI Chem ID: 66141 SwRI Chem ID: 66141

SwRI Chem ID: 66141
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Version 9
Moiecuiar weight 400.14 0;:
Molecular formula CrN309.9H20 [?s]
CAS No 7789-02-8
Linear formuia Cr(NO3)3.9H20
Flash point {°C)
This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims alf warranties,
expressed or implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further processing. The
following are the actual analytical resuits obtained:
[Catalog Number '|21 920 ) Quality Test / Release Date [ 23 January 2014]
|Lot Number ”A0343253 , Suggested Retest Date 'l January 201 QJ
] B ~
|Description |Chromium(l|l) nitrate nonahydrate,99% g
Is2}
|Country of Origin |UNITED STATES OF AMERICA ©
lDecIaration of Origin ”synthetic Q
E
)]
Nt
] O
x
Sadte ARRRE G Qh‘ﬂt Va‘"'m« R i »
;[Appearance N wldark purple Egj["a_gli'gryf,}gl_llng gpunks [black crystalline chunks o
[Titration lodometric _ |>=985% _  [1019%
|pH __ |2to3%kagson)  [2.1(5%aq soin)
|Trace analysis - .‘Type: Ca measure =< 50 PPM EIType: Ca measure 5 PPM
Trace anal;Lsis________ Type Cd measure =< 1 E_P_PM ~’ Typ__e_: Cq measure 3 PPM B
Trace analysis || Type: Co measure =< 1 _()_P_F-"M“____ Type: Co measure § PPM |
Trace _gnalysis__ﬁ___ Type: _Cu me__a_sgg_:fj@ PPM__ o V{Type Cu measure 7 PPM ]
Trace analysis | Type: Fe measure =< 200 PPM EIType Fe measure 178 PPM
Trace a{_\_g_ly_gi_s__ o | Type: Mg measure =< 50 PPM ’|Type' Mg measure 6 PPM
|:rra_c§_analysis _____ ! lType: Mn measure =< 10 PPM |Type Mn measure 7 PPM I
-ITrace analysis _][Type Na measure =< 50 PPM §|>Type. Na measure 17 PPM [
'Trace analysis _ ”Type. Ni measure =< 50 PPM IType: Ni measure 8 PPM
|Trace analysis 'lType: Pb measure =< 20 PPM |Type: Pb measure 4 PPM
|Trace analysis [I}Type: Sr measure =< 50 PPM |Type: Sr measure 11 PPM ] u'\'>
|Trace analysis [Type: Zn measure =< 10 PPM |Type: Zn measure 4 PPM l %
ITrace analysis IlType: Cl measure =< 20 PPM |Type: Cl measure =< 20 PPM [ 2
Trace analysis Type: SO4 measure =< 50 PPM Type: SO4 measure =< 50 PPM l E
Trace analysis ]Type: NH4 measure =< 10 PPM ~ |Type: NH4 measure =< 10 PPM g
Subst not pptd by |=<0.2 % (as SO4) =<0.0077 % (as SO4) @)
NH40H o
=4
w



CIRTIAED BY

L. Van den Broek, QA Manager Issued: 28 October 2015

Acros Organics
ENA23, zane 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium
{ Tel +32 14/57.52.11 - Fax +32 14/59.34.34 Intemet: http //www acros.com

4 1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329
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SwRI Chem ID: 63857 SwRI Chem ID: 63857

SwRI Chem {D: 63857



SIGMA-ALDRICH

010096

sigma-aldrich.com

Product Name:

Product Number:
Batch Number:
Brand:

CAS Number:

MDL Number:
Formula:

Formula Weight:
Quality Release Date:

3050 Spruce Street, Saint Louis, MO 63103, USA
Website: www.sigmaaldrich.com

Email USA: techserv@sial.com

Outside USA: eurtechserv@sial.com

Certificate of Analysis

Iron(iil) nitrate nonahydrate - ACS reagent, 298%

216828 Fe(NOy); * 9H,0

MKBT4080V
SIAL

7782-61-8
MFCD00149708
FeN309 - 9H20
404.00 g/mol

09 DEC 2014

Test Specification Resuit
Appearance (Color) Conforms to Requirements Off-White
Off-White to Pale Purple
Appearance (Form) Conforms to Requirements Crystals
Moist Crystals
Infrared Spectrum Conforms to Structure Conforms
Titration by Na2S203 98.0-101.0 % 100.0 %
Insoluble Matter <0.005 % 0.003 %
¢ = 10 %; Dilute HNO3
Chiloride (Cl) < 5ppm <5 ppm
Sulfate (SO4) <0.01% <0.01%
Calcium (Ca) <0.01% <0.01%
Magnesium (Mg) <0.005 % < 0.001 %
Potassium (K) <0.005 % <0.001 %
Sodium (Na) <0.05% <0.01%
Meets ACS Requirements Current ACS Specification Conforms

Tenth Edition

wd =
| . -
Ali Ataei, Manager

Quality Control
Milwaukee, Wi US

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information contained in this
publication. The current Specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact Technical Service. Purchaser
must determine the suitability of the product for its particular use. See reverse side of invoice or packing slip for additional terms and conditions of sale.

Version Number: 1 Page 1 of 1

SwRI Chem ID: 63604 SwRI Chem ID: 63604

SwRI Chem ID: 63604



SIGMA-ALDRICH

010097

sigma-aldrich.com

Product Name:

3050 Spruce Street, Saint Louis, MO 63103, USA
Website: www.sigmaaldrich.com

Email USA:  techserv@sial.com

QOutside USA: eurtechserv@sial.com

Certificate of Analysis

lron(iif) nitrate nonahydrate - ACS reagent, x98%

Product Number: 216828 Fe(NOa)3 * 9H:0
Batch Number: MKBW6&908V

Brand: SIAL

CAS Number: 7782-61-8

MDL Number: MFCD00149708

Formula: FeN309 - 9H20

Formula Weight: 404.00 g/mol

Quality Release Date: 16 OCT 2015

Test Specification Resuit
Appearance (Color) Conforms to Requirements Off-White
Off-White to Pale Purple
Appearance (Form) Conforms to Requirements Crystals
Moist Crystals
Infrared Spectrum Conforms to Structure Conforms
Titration by Na25203 98.0-101.0% 98.9 %
Insoluble Matter <0.005 % < 0.005 %
¢ = 10 %,; Dilute HNO3
Chloride (Cl) <5 ppm <5 ppm
Sulfate (SO4) <0.01% <0.01%
Calcium (Ca) <0.01% <0.01%
Magnesium (Mg) <0.005 % <0.001 %
Potassium (K) <0.005 % <0.001 %
Sodium (Na) <0.05% <0.01%
Meets ACS Requirements Current ACS Specification Conforms

Tenth Edition

Michael Grady, Manager
Quality Control
Milwaukee, Wi US

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information contained in this
publication. The current Specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact Technical Service. Purchaser
must determine the suitability of the product for its particular use. See reverse side of invoice or packing slip for additional terms and conditions of sale.

Version Number: 1 Page 1 of 1

SwRI Chem ID: 65582 SwRI Chem ID: 65582

SwRI Chem ID: 65582
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Version 9
Moiecuiar weight 256.40 0;:
Moiecular formula MgN206.6H20 w
CAS No 13446-18-9
Linear formula Mg(NO3)2.6H20
Flash point {°C) 93.3
This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties,
expressed or implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further processing. The
following are the actual analytical results obtained:
|Catalog Number |a4754 [Quality Test/ Release Date | 13 November 2014]
| Lot Number ||A0353513 |Suggested Retest Date | November 2019|
[32)
|Description Magnesium nitrate hexahydrate,extra pure J 8
D
lCountry of Origin INDIA 1)
‘Declaration of Origin ”synthetic Q
: =
Q
L
[origin Comment ] | o
:
|[Specifications. ... . JTestvae. . . . | 3
IAppearance - }Flvhite crystals o . f[white cry§tals_ o ) }
Titration 98 to 102 % [100.3 %
Complexometric |
I|pH 5 to 8.2 {(5%,aq. soln.) IG (5%.aq. soln.)
[Heavy metals (as Pb) [=<0.001 % |=<0.0005 % |
[choridecy  =<000t%  [=000tw |
fonFe) |=c000t%  [=0005% |
[sufate SO [|=<0.005 % _ |ms0005% _
(IRTIFIED BY
L. Van den Broek, QA Manager Issued: 25 April 2016

| Acros Organics

ENAZ23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium
of Tel +32 14/57.52.11 - Fax +32 14/59.34.34 Intemet: http://www.acros.com

H 1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329

SwRI Chem ID: 69603
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Version (—)
Moiecuiar weight 256.40 D;:
Molecutar formula MgN206.6H20 w
CAS No 13446-18-9
Linear formuia Mg(NO3)2.6420
Fiash point {°C) 93.3
This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties,
expressed or implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further pracessing. The
following are the actual analytical resuits obtained:
|catalog Number 44754 Quality Test/ Release Date || 13 November 2014
Lot Number A0353513 Suggested Retest Date || November 2019
) i ] <
IDescription ”Magnesium nitrate hexahydrate,extra pure 8
(@]
’Country of Origin IINDIA ©
IDecIaratlon of Origin |synthetic =
s E
]
o S I 2
[origin Comment __ | | ©
E:
ResuiName, | |[Specifications, . .. ... ) Testyale . 7
[rppearance —  fwhiteorystals  |whiteorystals |
Titration 98 to 102 % 1100.3 %
|Complexometric . | !
[pH |[5to8.2(5%aq.s0n) {6 (5%.aq. soin) f
[Heavy metals as Pb) [=<0.001% _ _  |=<0.0005% |
[chioride ey~ ||=<0.001% fE<0001%
[ronFe)  |=<0001% _|eoo00s®
[Sufate (5O4) ~ |=<0.005% ~[<0005% !

(IRTIFED BY

L. Van den Broek, QA Manager Issued: 25 April 2016

Acros Organics

ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium
| Tel +32 14/57.52.11 - Fax +32 14/59.34.34 Intemet: http://www.acros.com

1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329

SwRI Chem {D: 69604



iR E,
Version 0
Moiecuiar weight 84.99
Molecuiar formuia NNa 03
CAS No 7631-99-4
Linear formula NaNO3
Flash point {°C)

Certificate of Analysis

This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties,
expressed or implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further processing. The
following are the actual analytical resuits obtained:

ICatang Number 4243.4 _ §|Quality Test / Release Date ’I 2 November 2015]
[Lot Number A0365903 j|Suggested Retest Date lI November 2020]
lDescription |Sodium nitrate,99+%,ACS reagent |
|Country of Origin IINDIA l
|Declaratlon of Origin lsynthetic ]

HOrigin Comment ] ]

[ResuitName. . | Specificatons __ _ _  Testvawe _ _ _ 1
|Appearance (Colon __ [white _ wnite ]
I}Appearancg”(fonn) Crystals ‘Crystals -l
Titration after lon >=99.0 % |1oo.2 %

exchange |

'Heavy metals (as Pb) j|=<5 ppm _|=<5 ppm

[nsoluble matter  [=<0005%  [oooaw
loH 55083 @%sonat2sec) |61 (G%sonat2sc)
[Chtoridey ~ [=<toppm _  freem |
IIodate (103) “=<5 ppm Ipp_rp__(_ngnf._ detected)
‘P_hosphate (PO4) l=<5 ppm =[=<5 ppm l
ron Fe) |=<3 ppm S [=<3 ppm }
[Sulfate (SO4) l=<30 ppm - |10 ppm_ )
ICaIcium (Cay [=<50 ppm o |1.4 ppm |
IMagnesium (Mg) |=_<20 ppm _ |_8 ppm ]
lNitn'te (NO2) |=<10 ppm |ppm (none detected)

010100
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SwRI! Chem |

SwRI Chem ID: 69611

SwRI Chem {D: 69611
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CIRTIFIED BY /W

L. Van den Broek, QA Manager Issued: 25 April 2016

’— ; . Acros Organics
e | ENAZ23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium

4 Tel +32 14/57.52.11 - Fax +32 14/59.34.34 Intemet: http://www.acros.com
"4 1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329

SwRi Chem ID: 69611 SwRI Chem ID: 69611

SwRI Chem ID: 69611



010102

——
L)
X
0
.. E
L =
Version 0 9
Molscular weight 33120 ng
Moiecuiar formula N2 06 Pb w
CAS No 10099-74-8
Linear formula Pb(NO3)2
Flash point (°C})
This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties,
expressed or implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further processing. The
following are the actual analytical results obtained:
|Catalog Number 21156 [Quality Test / Release Date | 29 September 2015
|Lot Number ||A0364649 [Suggested RetestDate || September 2017
—
|Description |Lead(1l) nitrate,99+% o
1 7o)
lCountry of Origin |INDIA ©
'Declaration of Origin ”synthetic Q
=
Q
e T e A e R S S LR SR O Rt
|O_rigiLCom_men_t__ __] ] Q
x
— e ——— | =
ResutName  |Specifioatios . Testvawe _ ] &
IAppearance (Color)  ||White o _'[Whit_e o |
IAppearance (Form) } Crystalline powder :ICrystaIIine powder ]
Titration >=99 % 99.9 % '
\jComplexometric |
|chioride (CI) ||l=<10 ppm [=<10 ppm |
[vonFe)  J[=<Sppm N LY

CERTIFIED BY /W

L. Van den Broek, QA Manager

Issued: 7 January 2016

Acros Organics

ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium
Tel +32 14/57.52.11 - Fax +32 14/59.34.34 Intemet: hitp://www.acros.com

1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329

SwRI Chem ID: 65951



Version
Molecular weight 331.20
Molecuiar formula N2 06 Pb
CAS No 10099-74-8
Linear formula Pb(NO3)2
Flash point {(°C)

Certificate of Analysis

This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties,
expressed or implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further processing. The
following are the actual analytical results obtained:

|Catalog Number 21156 Quality Test/ Release Date 11 29 September 2015§
|_Lot Number |a0364649 |Suggested Retest Date “ September 2017}
]Description Lead(ll) nitrate,99+%

|Country of Origin NDA — 1
|Declaration of Origin |[synthetic

f

ILQr_igi_n_Cqmment_ B J ]

[RosutName _ _ |[Specifications  _ ___ _ l[Testvaiue
[Appearance {Color) ilWhite 3 o ) ) __‘IWbitg_ - ) ]
|Appearance (Form) I‘Crystalline powder lCrystaIIine powder

Titration >=99 % |99.9 %

Complexometric

|chioride (CI) [=<10 ppm |=<10 ppm |
lronFe) ~ [=<5ppm _ ls2em ]

(IRTIAED BY

L. Van den Broek, QA Manager Issued: 26 April 2016

| Acros Organics

ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium
1 Tel +32 14/57.52.11 - Fax +32 14/59.34.34 Intemet: hitp://www.acros.com
1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329
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SwRI Chem ID: 69629



Version
Moiecuiar weight 331.20
Molecular formula N2 06 Pb

CAS No 10099-74-8
Linear formula Pb(NO3)2
Flash point {(°C)

Certificate of Analysis

This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties,
expressed or implied, including the implied warranties of merchantability and litness for a particular purpose. Unless
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further processing. The
following are the actual analytical results obtained:

[Catalog Number  ||21156 Quality Test / Release Date || 29 September 2015
[Lot Number “A0364649 Suggested Retest Date [ September 201 7]
|Description ”Lead(ll) nitrate,99+%

|Country of Origin J|INDIA

|Declaration of Origin |synthetic

[origin comment ] |

SN (R TTr e e |

[ResultName | [Specifications.

[rppearance Colon  [white — [whie ]
IIAppearance (Form) ”Crystalline pqw‘gg_lr_w ;[Crystalline powder

|[Titration . >=99 % g\gg.g %

| Complexometric ]

[Chioride (C) [=<t0ppm |=<0ppm

ronFe)  [=<Seem ___32pem

CIRTIFIED BY

L. Van den Broek, QA Manager Issued: 26 April 2016

Acros Organics

{ Tel +32 14/57.52.11 - Fax +32 14/59.34.34 Intemet: hitp://www.acros.com
1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329

| ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium
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© €
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(@)
Molecular welght 126.04 0;:
Molecuiar formula C2H204.2H20 w
CAS No 6153-56-6
Linear formula HO2CCO2H.2H20
Fiash point (°C})
This is to certify that units of the below mentioned lot number were tested and found to comply with the specifications of
the grade listed. Certain data have been supplied by third parties. Acros Organics expressly disclaims all warranties,
expressed or implied, including the implied warranties of merchantability and fitness for a particular purpose. Unless
otherwise stated, these products are not intended for dialysis, parenteral or injectable use without further processing. The
following are the actual analytical results obtained:
|Cata|og Number |42315 : Quality Test / Release Date I 10 December 2014|
|Lot Number |A0354614 Suggested Retest Date [ December 2019|
- <
|Description Oxalic acid dihydrate,99.5+%,ACS reagent 8
[¢>]
lCountry of Origin SPAIN ©
[Declaration of Origin Isynthetic Q
E
Q
S - S =
[Origin Comment __ | | o
z
[ResultName __ _|[Specificsions | |[TestVae = b
']Appear_apce__ ) B _I white crystalline powder o Iwhi_te crystals _l
Ilnfrared spectrometry } authentic |authentic |
|Assay Titrimetry ~ ]|99.5 to 102.5 % 199.9% |
IHeavy metals (as Pb) |=<5 ppm _§|=<2.5 ppm
Residue after ignition ||=<0.01 % ) ~ looco4%
Nitrogen compounds (as ||=<0.001 % =<0.001 %
|Trace analysis Type_: Cl measure =< 20 ppm IType: _CI measure < 5 ppm 1

|Trace analysis

Type: SO4 measure =< 50 ppm

|Type: S04 measure < 20 ppm '

ITrace analysis

' Type: Ca measure =_<_1me

__[Type: Ca measure < 1 ppm

ITrace analysis

' Type: Fe measure =< 2 ppm

lType: Fe measure < 2 ppm

Ilnsoluble matter

|=<0.005 %

|=<0.005 %

H2504

Substance darkened by

passes test

passes test

SwRI Chem ID: 69684
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L. Van den Broek, QA Manager Issued: 27 April 2016

| Acros Organics

ENA23, zone 1, nr 1350, Janssen Pharmaceuticalaan 3a, B-2440 Geel, Belgium
4 Tel +32 14/57.52.11 - Fax +32 14/59.34.34 Intemnet: http://www.acros.com

1 Reagent Lane, Fair Lawn, NJ 07410,USA Fax 201-796-1329
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SIGMA-ALDRICH’

3050 Spruce Street, Saint Louis, MO 63103 USA
Email USA: techserv@sial.com Outside USA: eurtechserv@sial.com

Certificate of Analysis

NICKEL(l) NITRATE HEXAHYDRATE
purum p.a., crystallized, >= 97.0 % KT

Product Name:

Product Number: 72253

Batch Number: BCBP4160V

Brand: Sigma-Aldrich

CAS Number: 13478-00-7

Formula: Ni(NO,), « 6H,0

Formula Weight: 290.79

Quality Release Date: 26 JAN 2015

TEST SPECIFICATION RESULT
APPEARANCE (COLOR) BLUE-GREEN TO DEEP BLUE-GREEN  BLUE-GREEN
APPEARANCE (FORM) CRYSTALS CRYSTALS
TITRATION (KT) EDTA 0.1M 97.0-103.0 % 97.0 %
METAL TRACE ANALYSIS (ICP) CORRESPONDS TO REQUIREMENTS PASSED
CALCIUM (ICP) < 50 MG/KG < 50 MG/KG
CADMIUM (ICP) < 50 MG/IKG < 50 MG/KG
COBALT (ICP) < 500 MG/IKG < 500 MG/KG
COPPER (ICP) < 50 MG/KG < 50 MG/KG
IRON (ICP) <50 MG/KG < 50 MG/KG
POTASSIUM (ICP) <100 MG/KG <100 MG/KG
SODIUM (ICP) <100 MG/KG < 100 MG/KG
LEAD (ICP) < 50 MG/KG < 50 MG/KG
ZINC (ICP) < 50 MG/KG < 50 MG/KG
TOTAL SULFUR AS S04 (ICP) < 50 MG/KG < 50 MG/KG
CHLORIDE (CL) < 50 MG/KG < 50 MG/KG

bl Coifhog—

Dr. Claudia Geitner
Manager Quality Control
Buchs, Switzerland

SwRI Chem ID: 65593

SwRI Chem ID: 65593

Sigma-Aldrich warrants that at the time of the quality release or subsequent retest date this product conformed to the information contained in this publication. The current
specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact Technical Service. Purchaser must determine the suitability of the product

for its particular use. See reverse side of invoice or packing slip for additional terms and conditions of sale.

Sigma-Aldrich Certificate of Analysis - Product 72253 Lot BCBP4160V Page 10of 1

SwRI Chem ID: 65593
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Fisher Scientific

1 Reagent Lane o ge .

Fair Lawn, NJ 07410 Certificate of Analysis

201.796.7100 tel

201.796.1329 fax Fisher Scientific’'s Quality System has been found to conform to Quality Management System

Standard 1SO9001:2008 standard by DNV Certificate number CERT-08052-2006-AQ-HOU-ANAB

This is to certify that units of the above mentioned lot number were tested and found to comply with the specifications of the grade listed. Certain
data have been supplied by third parties. Fisher Scientific expressly disclaims all warranties, expressed or implied, including the implied warranties
of merchantability and fitness for a particular purpose. Certain products (USP/FCC/NF/EP/BP/JP grades) are sold for use in food, drug, or medical
device manufacturing. Fisher does not claim regulatory coverage under 21 CFR nor maintain DMF's with the FDA. The following are the actual
analytical results obtained:

Catalog Number A509 Mfq. Date 11/4/2015
Lot Number 1115100 Sample Id N/A
Product Description Nitric Acid (TRACEMETAL GRADE)
Country Origin Canada
Chemical Origin Inorganic
'BSEIT S =He ] -uts 8 No animal products are used as starting raw material ingredients, or used in processing,
ELp PR including lubricants, processing aids, or any other material that might migrate to the finished
product.
'Result Name'"" “ Specifications® " | Test Valug® "
.Expiry Date mm/dd/yyyy 11/04/2017
Assay (HNO3, wiw) % by wiw 67 -70 69
Color APHA <=10 <7
Aluminum (Al) ppb <=1 <0.5
Antimony (Sb) ppb <=0.5 <01
Arsenic (As) ppb <=0.5 <0.1
Barium (Ba) ppb <=0.1 <0.1
Beryllium (Be) ppb <=0.1 <01
Bismuth (Bi) ppb <= 0.1 <01
Boron (B) ppb <=1 <0.5
Cadmium (Cd) ppb <=0.5 <0.1
Calcium (Ca) ppb <=1 <0.5
Cerium (Ce) ppb <=0.1 <01
Cesium (Cs) ppb <= 0.1 <01
Chromium (Cr) ppb <=1 <0.5
Cobalt (Co) ppb <=0.5 <0.1
Copper (Cu) ppb <=0.5 <0.2
Dysprosium (Dy) ppb <=0.1 <0.1
Erbium (Er) ppb <=0.1 <0.1
Europium (Eu) ppb <= 0.1 <01
Gadolinium (Gd) ppb <=0.1 <0.1
Gallium (Ga) ppb <=0.1 <0.1
Germanium (Ge) ppb <=0.1 <01
Gold (Au) ppb <=0.1 <0.1
Hafnium (Hf) ppb <=0.1 <0.1
Holmium (Ho) ppb <= 0.1 <0.1
Indium (In) ppb <= 0.1 <0.1
Iron (Fe) ppb <=1 <0.5
Lanthanum (La) ppb <=0.1 <01
Lead (Pb) ppb <=0.1 <01
Lithium (Li) ppb <=0.1 <0.1

SwRI Chem ID: 67843 SwRI Chem ID: 67843

SwRI Chem ID: 67843
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Lutetium (Lu) ppb <=0.1 <0.1
Magnesium (Mg) ppb <=1 <0.2
Manganese (Mn) ppb <=0.1 <01
Mercury (Hg) ppb <= 0.1 <0.02
Molybdenum (Mo) ppb <=0.1 <01
Neodymium (Nd) ppb <= 0.1 <0.1
Nickel (Ni) ppb <= 0.5 <0.5
Niobium (Nb) ppb <=0.1 <01
Palladium (Pd) ppb <= 0.5 <0.1
Platinum (Pt) ppb <= 0.5 <0.1
Potassium (K) ppb <=1 <0.2
Praseodymium (Pr) ppb <=0.1 <0.1
Rhenium (Re) ppb <= 0.1 <0.1
Rhodium (Rh) ppb <= 0.5 <0.1
Rubidium (Rb) ppb <= 0.1 <0.1
Ruthenium (Ru) ppb <=0.5 <0.1
Samarium (Sm) ppb <=0.1 <01
Scandium (Sc) ppb <= 0.1 <0.1
Selenium (Se) ppb <=1 <01
Silver (Ag) ppb <=0.1 <0.1
Sodium (Na) ppb <=1 <0.3
Strontium (Sr) ppb <=0.1 <01
Tantalum (Ta) ppb Information Only <0.1
Tellurium (Te) ppb <= 0.1 <0.1
Terbium (Tb) ppb <=0.1 <0.1
Thallium (ThH ppb <=0.1 <01
Thorium (Th) ppb <= 0.1 <0.1
Thulium (Tm) ppb <= 0.1 <0.1
Tin (Sn) ppb <= 0.5 <0.1
Titanium (Ti) ppb <=0.5 <01
Tungsten (W) ppb <=0.1 <0.1
Uranium (U) ppb <=0.1 <0.1
Vanadium (V) ppb <= 0.5 <0.1
Ytterbium (Yb) ppb <=0.1 <0.1
Yttrium (Y) ppb <=0.1 <0.1
Zinc (Zn) ppb <=0.5 <0.2
Zirconium (Zr) ppb <=0.1 <01
Chloride (Cl-) ppm <=0.2 <0.2
Total Phosphorus (P) ppm <= 0.01 <0.01
Total Sulfur (S) ppm <=0.3 <0.3
1 —~
%%g» Vs {6’1 50_[?'_“4__ -

Hote: The data listed is valid for all ";aabga sizes of this lot of product, expressed as |

an axtension of the catal

Lab Manager BPF

/stad mv. If thare are any quut:‘om' with this

SwRI| Chem ID: 67843 SwRI Chem {D: 67843

SwRI Chem |ID: 67843
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[NORGANIC LRBS/}?Q?CHEM LABRS
DETE RECELIVED: 2 /)olI? )
Certificate of Analysis DATE Exeipen: 9120 o Page 1 of 1
pATE orenew: WIENZ. . @
Fisher norG: 9980 m0:  ERBYSE
Sclentific ' '

1 Reagent Lane Certificate of Analysis
2017961100 1o
.796. e . ,
201.796.1328 fax Siandand 1800001 2008 atandand by DNV Corticats sumber GERT-0B0L 2006 A HIBCANAB

This is to certify that units of the above menticned ot number were tested and found lo comply with the specifications of the grade listed. Certaln data
have been supplied bz‘thlnd parties. Fisher Sclentific expresaly disclaims all warranties, expressed or Implied, Including the Implied warranties of
merchantabliity and fitness for a particular purpose. Certaln products (USP/FCC/NF/EP/BP/JP grades) are sold for use In drug, or medical device
mlnwc:’utgllngg.d Fisher does not claim regulatory coverage under 21 CFR nor malintain DMF's the FDA. The following are the actual analytical

results obtalned:

Catalog Number JA940 IMf_gr. Date 9/23/2011
Lot Number 114303 ’

Description JCITRIC ACID, ANHYDROUS, A.C.S.
|Country of Origin  |United States Recommended Retest Date | Sep-2018
Chemical Orl_grln Organlc - Plant

No animal products are used as starting raw material Ingredients, or used In
BSE/TSE Comment processing, including lubricants, processing alds, or any other material that might
migrate to the finished product.

Result name Units Specifications Test Value
APPEARANCE REPORT Fine, white crystais
ASSAY . |% >= 89.5 99.6

CHLORIDE % <= 0.001 <0.0010
IDENTIFICATION JPASS/FAIL = PASS TEST PASS TEST
IGNITION RESIDUE % <= 0.02 <0.020
INSOLUBLE MATTER % <= 0.005 <0.0050

IRON (Fe) ppm <=3 <3.0
JLEAD (Pb) ppm <=2 <2.0

OXALATE PASS/FAIL =P.T, (ABOUT 0.05%) P.T. (ABOUT 0.05%)
PHOSPHATE (PO4) % <= 0.001 <0.0010

SUBST. CARBONIZED BY H2S04 |PASS/FAIL = PASS TEST PASS TEST
SULFUR COMPOUNDS % <= 0.002 <0.0020

Gl E e

CERTIFIED BY I
Rns Lab Manager Fair Lawn

Note: The data listed Is valid for all package sizes of this lot of this product, expressed as a extenslon of this catalog number listed
above. If there are any questions with this certificate, please call Chemicai Services at (800) 227-6701.

SwRI Chem ID: 36116 SwRI Chem ID: 36116

SwR! Chem ID: 36116
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