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Simple demonstration experiments integrated into the curricu-
lum will aid understanding and facilitate learning. As part of the 
Chemical Reaction Engineering Laboratory course for the final year 
chemical engineering degree program, a simple experiment based 
on pH response is described to quantify mixing in stirred tanks. 
Hydrodynamics and the resulting fluid-flow pattern significantly 
affect the performance of a given reactor. Typically, residence time 
distribution and mixing time studies are conducted to assess mix-
ing in process vessels. Mixing time is defined as the time taken to 
achieve a certain fixed degree of homogeneity (say 99.5%) in the 
system (Figure 1). The experiment involved determination of mixing 
time by pH method in a stirred tank (Figure 2 and Table 1). In this 
experiment, 1.5 L of double-distilled water was added to the tank 
and the initial pH [pH(0) at time = 0] was noted. A known molarity 
of sodium hydroxide solution was used as the tracer. 10 mL of tracer 
was added and the pH value [pH(t)] was recorded every 
5 s using a pH probe. The experiment was conducted 
at a fixed rpm of 50. The pH readings were noted until 
steady state was reached. Three trials were conducted. 
The mean steady state pH was calculated, and was used 
as the ‘pH at infinite time’ [pH(∞)] in order to obtain 
normalized pH (pH∗) following Eq. (1).

pH* =
pH t( ) − pH 0( )
pH ∞( )− pH 0( )

1( )

From the plots of normalized pH (pH∗) versus time, 
the time required to achieve normalized pH = 0.995, was 
taken to be the mixing time of the stirred tank at given 
conditions. Thus, students will understand how to quantify 
the mixing time in a given process vessel. The experiment 
can be repeated by changing the rpm, impeller types or 
the position of impeller. This will enable students to as-
sess the effect of rpm, impeller type 
(axial or radial flow), and geometry 
on mixing time.

Safety tip: Sodium Hydroxide 
is hygroscopic and corrosive. 
Prolonged exposure causes severe 
skin burns and eye damage. Usage 
of suitable gloves and eye/face pro-
tection is required to model proper 
safety precautions. p

Demonstrating Mixing Time Estimation 
in a Mechanically Agitated Contactor

ChE teaching tips

N.R. Subathra and P.R. Naren, Sastra University, India

©  Copyright ChE Division of ASEE 2018

This one-page column presents practical teaching, advising, and diversity tips in sufficient detail that others can 
adopt the tip. Focus on the teaching method, not content. The column should be maximum 550 words, but subtract 
50 words for each figure or table. Submit as a Word file to Phil Wankat <wankat@ecn.purdue.edu>. 

TABLE 1
Equipment dimensions

Equipment Material of Construction Approximate Dimensions

Stirred Tank Borosilicate Glass 
Diameter (T) = 14 cm, 
Height (H) = 21 cm, 
Capacity = 3 L

Impellers: Rushton turbine Stainless Steel Diameter (D) = 5 cm; 
No. of blades = 6

pH Probe Glass Position from axis of shaft = 6 cm

Figure 1

Figure 2

Figure 2. Schematic sketch of the stirred tank.

Figure 1. Typical plot of normalized pH vs. Time.

Your third year graduate student just isn’t cutting it. While she did well in the core courses, she’s struggling to move forward 
in her research. You hardly ever see her in the lab, and she seems to be avoiding you. She has trouble taking initiative and wants 
to be told exactly what to do. You assume she’s not PhD material and isn’t serious about a research career.

Your assumptions are probably wrong.
Eight out of ten reported causes of academic struggle are mental health related,[1] and graduate students are six times more 

likely to experience depression and anxiety as their peers of the same age.[2] This isn’t surprising when you consider the social 
isolation that can occur in graduate school, the abstract nature of research, financial stress, poor work/life balance, and lack of 
effective mentorship. Women, international, and transgender graduate students are often most impacted.[3] 

As a research advisor, what can you do? Watch for signs that a student might be struggling with emotional distress, including: 

deteriorating academic performance, changes in mood and behavior, evidence of significant substance use, repeated requests for 
special consideration, evidence of self-injury or interpersonal violence, and hopeless communications in e-mail, social media, 
or face-to-face.[3]

If you do have concerns about a student, how should you respond?[3] 
•  Talk to the student about your concerns, and then listen. If the situation warrants, recommend that they visit the Counseling Center 

or check out the website. Offer to go with them if they want or if you are concerned about self-harm. Let them know if counseling 
is covered by their student health fees. If they choose not to go to the Counseling Center, don’t push.

•  While you cannot guarantee “confidentiality” to a student, you can assure them that you will only inform those on campus who 
can get them the help they need. 

•  Check in with the student later to see how they are doing.
•  Have an open-door policy and be there to support the student. 
•  If you feel comfortable doing so, share with the student your own experience about feeling overwhelmed as a graduate student in 

order to reduce the stigma that students might feel about seeking help.

As a faculty member, it is your job to help your graduate students do their job—thus, you may sometimes need to serve in a 
counseling role to help them get the help they need. It’s important to know your limits and when to set appropriate boundaries, 
but most faculty err on the side of avoidance rather than overinvolvement.

Departments can also coordinate their support for graduate students:
•  Invite someone from the Counseling Center to attend the first year graduate student seminar and/or a graduate student seminar 

to talk about mental health resources available on your campus. Share statistics about mental health issues so that students know 
their struggles are not unique. 

•  Sponsor a panel discussion where senior graduate students talk to first year graduate students about navigating graduate school. 
•  Encourage students to meet with their PhD committee annually to get input and feedback on their progress. 
•  Support departmental or college student organizations that create opportunities for students to connect with one another socially 

and professionally.

Research advisors can improve the productivity of their research groups by supporting graduate students who are struggling 
with non-technical aspects of graduate school. 
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